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CHUONG 4. PO THI EULER, PO THI HAMIL TON

4.1. Pb thi Euler, d6 thi nira Euler

Pinh nghia. Chu trinh don trong d6 thi G di qua mdi canh cua d6 thi dung mot lan
duoc goi 1a chu trinh Euler. Pudng di don trong G di qua mdi canh ctia né diing mét lan
dugc goi 1a duong di Euler. Do thi duoc goi la dd thi Euler néu nd c6 chu trinh Euler. DO
thi c6 duong di Euler dugc goi la ntra Euler.

RS rang, moi do thi Euler déu 12 nira Euler nhung diéu nguoc lai khong ding.

Vi du 1. Xét cac d6 thi G1, G2, G3 trong Hinh 4.1.

a b a b a b

d c d c c d e
Gl G2 G3

Hinh 6.1. P6 thi vé hudomg GI, G2, G3.

Do thi G1 1a db thi Euler vi nd ¢6 chu trinh Euler a, e, c, d, e, b, a.’Dé thi G3
khong c6 chu trinh Euler nhung chtra duong di Euler a, ¢, d, e, b, d, a, b vi thé¢ G3 1a nira
Euler. G2 khdng c6 chu trinh Euler cting nhu duong di Euler.

Vi du 2. Xét cac d6 thi c6 huong H1, H2, H3 trong Hinh 4.2.
a b a b a b
D E
D d e d d C
H1 H2 H3

Hinh 4.2. D6 thi c¢6 hwéng HI, H2, H3.

Do thi H2 1a d6 thi Euler vi n6 chita chu trinh Euler a, b, ¢, d, e, a vi vay né 1a do thi
Euler. D6 thi H3 khong ¢6 chu trinh Euler nhung c¢6 duong di Euler a, b, c, a, d, ¢ nén n6
1a d6 thi ntra Euler. D6 thi H1 khong chtra chu trinh Euler cting nhu chu trinh Euler.

4.2. Thuit toan tim chu trinh Euler

Dé tim mot chu trinh Euler cta db thi ta sir dung két qua cta dinh 1y sau.

Dinh Iy 1. Diéu kién can va di dé do thi G=<V,E> la Euler. D6 thi v0 huéng lién
thong G=<V, E> la d06 thi Euler khi va chi khi moi dinh ctia G d€u c6 bac chan. B0 thi co
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hudng lién thong yéu G=<V, E> 1a do thi Euler khi va chi khi tat ci cac dinh ctia n6 déu
c6 ban dinh bac ra bang ban dinh bac vao (diéu nay lIam cho d6 thi 1a lién thong manh).

4.2.1. Chirng minh dd thi 12 Euler
Dbi voi dd thi vo hudng, dé chirng minh do thi ¢6 1a Euler hay khong ta chi can
thuc hién:

e Kiém tra do thi c6 lién thong hay khong? Piéu ndy dé dang thyc hién bang
cach kiém tra DFS(u) = V hodc BFS(u) = V thi ta két luan do thi la lién thong
(u la dinh bat ky cua do thi).

e St dung tinh chat ciia ma tran ke bi€u do6 thi vo hudng dé tinh todn bac cua cac

dinh.
-ViBFS(1)={1,2,6,3,57,4,11,8, [0 1 0 0 0 100 0 0 0 0 0
10, 12,9, 13} =V. Do vay, G lién 1010110000000
< 0101100000100
thong.
0010001100100
-Talaico: 0110011000000
deg(1) = deg(13) = 2. 1100101000000
deg (2) = deg(3) = 4 0001 110100000
deg(4) = deg(5) = 4 0001001011000
deg(6) = deg(7) = 4 00000O0O0O0TI1O0TI1TF0T11
deg(8) =deg(9) =4 000O0O0OOT 0T I11Q0T1T10
deg(10) = deg(11) = deg(12) = 4 001 1 000O0UO0TI1Q0T10
Chu y: Tong cac phan tir cia hangu (c6t |0 0 0 0 0 0 0 0 1 1 1 0 1
u) 1a bac cta dinh u. Vi du tong cac |0 0 0 0 0 0 0 0 1 .00 10

phan tir cia hang 1 13 2 nén deg(1) = 2.

Pbi voi dd thi co6 hudng, dé ching minh do thi c6 1a Euler hay khong ta chi can

thuc hién:

e Kiém tra dd thi c6 lién thong yéu hay khong? Diéu nay d& dang thuc hién bang
cach ki€m tra n€u ton tai dinh ue V dé DFS(u) =V hoac BFS(u) =V thi ta két
luan do6 thi 1a lién thong yéu.

e St dung tinh chit ctia ma tran ké biéu do thi c6 huong dé tinh ban dinh bac ra
va ban dinh bac vao cua céc dinh. Ban dinh bac ra cua dinh u 1a deg+(u) 1a s6
cac sO 1 cua hang u. Ban dinh bac vao cua dinh u 1a deg-(u) 1a s6 cac s6 1 cua
cot u.

Vi du dé ching minh d6 thi c6 hudng duoc biéu dién dudi dang ma tran ké nhu

dudi day ta thuc hién nhu sau:
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+VIiBFS(1)={12,3,5,4,11,6, 7, ;I.O, 12, 01 00 00O O OUOUOU OO
8,9,13} =V.Do vay, G lién thong yeu. 0 01 01 00O0OO0OO0OTUO0ODTG OO
+ Ta lai co: 0001 000UO0UO0O0 100
N i f Nt N ooy — 00 0O0O0O0TU1O0TU0TO0T1O00

deg (2)=deg'(2)=deg’(3)=eg(3)=2 |5 5 1 5 9 1 0 0 0 0 0 0 0

deg (4)=deg'(4)=deg (5)=deg’(5)=2 |1 1 0 0 0 0 0 0 0 0 0 0 0
deg”(6)=deg (6)=deg”(7)=deg(7) =2 0 000 1 1 00O0O0TUO0TUO0STUO
deg*(8)=deg’(8)=deg’(9)=deg(9) =2 00010010000 O0O0

0o 10 -t (10 - SEEERERREREE
deg:(ll) = deg(11) =2 00 0O0O0O0OU O OTZ1O0 10
deg’(12) = deg (12) =2 000 0O0O0UOG OTI1TO0UO0O0 1
deg”(1)=deg’(1)=deg(13)=deg’(13)=1 |0 0 0 0 0 0 0 0 1 0 0 O O

G lién théng yéu va c6 ban dinh béc ra bang ban dinh bic vao nén G 1a do thi
Euler.

4.2.2. Bi¢u dién thuat toan tim chu trinh Euler

Pé tim mot chu trinh Euler trén d6 thi, ta thuc hién theo thuat toan trong Hinh 4.3
dudi day:

Thuét toan Euler-Cycle(u):
Budc 1 (Khéi tao) :
stack =@ ; //Khdi tao mot stack bit dau 1a @
CE=@; //Khditao mang CE bat dau la &
Push (stack, u) ; /Pua dinh u vao ngan xép
Budc 2 (Lap ):
while (stack=2 ) do { //Lip cho dén khi stack rong
s = get(stack); /LAy dinh ¢ dau ngan xép
if (Ke(s) # @) then { // Néu danh sach Ke(s) chua rong
t =< DPinh dau tién trong Ke(s)>;
Push(stack, t)’ //Pua t vao stack;
E = E\ (s,t); / Loai bo canh (s,t);

}
else { //Truong hop Ke(s)=J
s = Pop(stack);// Pua s ra khoi ngan xép
s =CE; //Pua s sang CE
}
} :
Budc 3 (Tra lai két qua) :
<Lat ngugc lai cac dinh trong CE ta dugc chu trinh Euler> ;

Hinh 4.3. Thuét toan tim chu trinh Euler bt dau tai dinh u
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4.2.3. Kiém nghi¢m thuit toin

Vi du ta can tim mot chu trinh Euler bt dau tai dinh u=1 trén do thi G = <V, E>
dugc biéu dién dudi dang ma tran ké nhu dudi day. Khi do, cac bude thuc hién cua thuat
toan dugc thuc hién nhu Bang 4.1 (cht y phan chirng minh ta da thuc hién & trén).

Budc Trang thai Stack Gia tri CE

1 1 )

2 1,2 ¢

3 1,2,3 )

4 1,2,3,4 )

5 1,2,3,47 ¢

6 1,2,3,475 )

7 1,2,3,4752 ¢

8 1,2,3,475,2,6 )

9 1,2,3,4,75,26,1 )

10 1,2,3,475,2,6 1

11 1,2,3,4,75,2,65 1

12 1,2,3,475,2,6,5,3 1

13 1,2,3,4,75,2,65,3,11 1

14 1,2,3,4,75,265,3,11,4 1

15 1,2,3,475,2,65,3,11,4,8 1

16 1,2,3,4,75,2,65,3,11,4,8,7 1

17 1,2,3,475,2,6,5,3,114,8,7,6 1

18 1,2,3,4,75,2,65,3,11,4,8,7 1,6

19 1,2,3,475,2,65,3114,8 1,6,7

20 1,2,3,4,75,2,65,3,11,4,89 1,6,7

21 1,2,3,4,75,2,6,5,3,11,4,89,10 1,6,7

22 1,2,3,4,75,2,65,3,11,4,89,10,8 1,6,7

23 1,2,3,4,75,2,65,3,11,4,89,10 1,6,7,8

24 1,2,3,475,2,6,5,3114,89,10,11 1,6,7,8

25 1,2,3,4,75,2,65,3,11,4,89,10,11,12 1,6,7,8

26 1,2,3,475,2,6,5,3,11,4,89,10,11,12,9 1,6,7,8

27 1,2,3,4,75,2,65,3,11,4,89,10,11,129,13 1,6,7,8

28 1,2,3,475,265,3,11,4,89,10,11,12,9,13,12 1,6,7,8

29 1,2,3,4,75,2,65,3,11,4,89,10,11,12,9,13,12,10 1,6,7,8
Pua lan Lot cdc dinh trong Stack sang CE cho dén khi stack=&

30 -.. \ CE=1,6,7,8,10,12,13,9,612,11, 10,9, 8,4, 11,3,5,6,2,5,7,4,3,2,1

Lat nguoc lai cdc dinh trong CE ta dwoc chu trinh Euler

1- 2- 3- 4- 7-5-2-6-5-3-11-4-8-9-10-11-12-9-13-12-10-8-7-6-1

4.2.4. Cai dit thuat ton

71




Chuong trinh tim mét chu trinh Euler cta do thi bit dau tao dinh u trén d6 thi vo
huong lién thong dugc cai dat theo khuén dang do thi biéu dién dudi dang ma tran ke.
Céc thu tuc chinh bao gom:

e Thu tuc Init() : doc dir liéu theo khudn dang biéu dién ma tran ké.
e Thu tuc Kiemtra(): Kiém tra xem G ¢6 13 Euler hay khong.

e Thu tuc Euler-Cycle (u) : Xay dyng chu trinh Euler bat dau tai dinh u.
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], n, u=1;
void Init(void){
inti, j;FILE *fp;
fp = fopen("CTEULER.IN", "r");
fscanf(fp,"%d", &n);
printf(*\n So dinh do thi:%d",n);
printf("\n Ma tran ke:");
for(i=1; i<=n;i++){
printf("\n");
for(=1; j<=n;j++){
fscanf(fp,"%d", &A[i][j]);
printf("%3d", A[i][j]);
}
}
fclose(fp);
}
int Kiemtra(void){
inti, j,s, d; d=0;
for(i=1; i<=n;i++){
s=0;
for(j=1; j<=n;j++)
s+=A[l0I;
if(s%2) d++;
}
if(d>0) return(FALSE);
return(TRUE);

}
void Euler-Cycle( int u){
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intv, x, top, dCE;
int stack| MAX], CE[MAX];
top=1; stack[top]=u;dCE=0;
do {
v = stack[top];x=1;
while (x<=n && A[V][x]==0)
X++;
if (x>n) {
dCE++; CE[dCE]=v; top--;
}

else {
top++; stack[top]=x;
ALVI[X1=0; AX][V]=0;
}
} while(top!=0);
printf("\n Co chu trinh Euler:");
for(x=dCE; x>0; x--)
printf("%3d", CE[X]);
}
void main(void){
clrscr(); Init();
if(Kiemtra())
Tim();
else printf(*\n Khong co chu trinh Euler");

}

4.3. Thuét toan tim dwong di Euler

Mot @6 thi khong co6 chu trinh Euler nhung van c6 thé c6 dudng di Euler. Dé tim
mot duong di Euler trén do thi vo hudng ta sir dung két qua cta dinh 1y 2. Dé tim mot
duong di Euler trén db thi ¢6 hudng ta st dung két qua ciia dinh 1y 3.

Pinh 1y 2. D6 thi v hudng lién thong G =<V,E> 13 d6 thi nira Euler khi va chi
khi G c6 0 hodc 2 dinh bac 1¢é. Trong trudong hop G c¢6 hai dinh bac 1¢, duong di Euler
xuat phét tai mot dinh bac 1¢ va két thuc tai dinh bac 1¢ con lai. Trong trudng hop G ¢6 0
dinh bac 1¢ G chinh 14 d thj Euler.

Pinh 1y 3. D6 thi c6 hudng lién thong yéu G =<V,E> 1a d0 thi ntra Euler khi va
chi khi ton tai dung hai dinh u, v € V sao cho deg*(u) - deg (u)= deg(v) - deg*(v)=1, cac
dinh s# u, s# v con lai c6 deg’(s) =deg’(s). Puong di Euler s& xuét phat tai dinh u va két
thuc tai dinh v.

4.3.1. Chirng minh db thi la nira Euler

Dé ching t6 d6 thi vo hudng G =<V ,E> 1a nira Euler ta can thyc hién:
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e Chumng to d0 thi da cho lién thong. Piéu nay dé rang thuc hién dugc bang cach
st dung hai thu tuc DFS(u) hodac BFS(u).
e (60 hodc hai dinh béc I¢. Su dung tinh chat cua cac phuong phap biéu dién dd
thi dé tim ra bac cua moi dinh.
Vi dy. Chimg minh rang, d6 thj v6 hudng lién thong G =<V,E> duogc biéu dién
dudi dang ma tran ké dudi day 1a do thi ntra Euler.

C‘hl'rpg minh. Theo tinh chat cuia ma trin (1) (1) (1) 8 1 1 8 8 8 8 8 8 8
ke,t‘ongcacp{hantuhangulabaccuadlnh 0101100000100
u. Vi vay ta co: 0010101101100
deg(1) = deg(13) =3 11110110000T0°TO0

_ _ — 1100101000000

deg (2) —_deg(3) —_deg(ll)_—4 0001110100000
deg(12) = deg(6) = deg(7) = 4 0001001011000
deg(8) = deg(9) =4 0000O0O0OO0T11IO0T1O0T1:1

- - - 0001000T110 111

A deq(5) fjeg,(d') fjeg(lp) 76_ . /001 10000WO0T1Q0T1O0

G lién théng va co 2 dinh bacleuv=lva |y o 0 0 0 0 0 0 1 1 1 0 1
u=13 nén G la ntra Euler. 0000O0OO0OOOOT110T10

bé ching to dd thi ¢ huong G =<V,E> la ntra Euler ta can thyuc hién:

e Chumg to d6 thi di cho lién thong yéu. Piéu nay dé rang thuc hién duoc bang
cach st dung hai thu tuc DFS(u) hodac BFS(u).

e (6 hai dinh u va v théa min deg’(u) - deg (u)= deg (V) - deg*(v)=1.
e Céac dinh s# U, s# v con lai ¢6 deg’(s) =deg(s).

Vi du. Chimg minh rang, d6 thi ¢6 hudng lién thong yéu G =<V E> dugc biéu dién dudi
dang ma tran ké dudi day 1a do thi nira Euler?

Chirng minh. Theo tinh chit ctia ma tran k& [0 1 0 0 1 0 0 0 0 0 0 0 0

) 14 48 . AL 4 b ‘Y1310 01010000000 O0
df)g(u? latxonqu%Cpha{lt}rhangu’ degW) 12 )0 0 6100000001 00
tong cac phan tur ¢t u. Vi vay ta co: 0000001001100
deg”(2) = deg’(2) = deg”(3) = deg(3) =2 0011010000000
deg”(6) = deg’(6) = deg”(7) = deg (7) =2 110000O0O0O0O0O0OTO0OTDO
deg ()= g (0) = deg' () =deg @ =2 (5000 1 E 008 D000
deg’(11) = deg’(11) =deg’(12) =deg(12)=2 |0 0 0 0 0 0 0 1 0 1 0 0 0
deg’(5) =deg’(5)= deg*(4) = deg(4) = 00000O0O0TU1O00T0O0 11

+g()_g_()_g() 94 00000O0O0O0GOTI10 10
deg(}O)-deg_(lO)—3 ] N 0000O0OOOT1100T0 1
deg’(1) - deg (1) = deg'(13) —deg'(13) =1 000000O0O0T1I00O0O0O

G lién thong yéu va c6 2 dinh u=1 va u=13 thda
man di€u kién nén G la nira Euler.
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4.3.2. Thuat toan tim dwong di Euler

Thuat toan tim duong di Euler va chu trinh Euler chi khac nhau duy nhat & mot
diém d6 1a dau vao cua thuat toan. Ddi véi thuat toan tim chu trinh Euler, dau vao thuat
toan 1a dinh ueV bat ky. Ddi véi thuat toan tim duong di trinh Euler, diu vao thuat toan
1a dinh ueV 1a dinh bac 1¢ dau tién trong truong hop dd thi vo hudng. Dbi véi do thi o
huéng, dinh ueV 1a dinh c6 deg”(u)-deg (u)=1. Thuit toan tim dudng di Euler trén do thi
v6 hudng hoic co hudng dugc mé ta chi tiét trong Hinh 4.4.

Thuét toan Euler-Path (u ):
- u la dinh bac 1¢ dau tién néu G 1a do thi vo huéng
- uladinh co6 deg’(u) - deg (u) =1.
Budce 1 (Khdi tao) :
stack = ; //Khdi tao mot stack bit dau 1a @
dCE=; //Khditao mang dCE bat dau 1a @
Push (stack, u) ; /Dua dinh u vao ngin xép
Buéce 2 (Lap ):
while (stack=2 ) do { //Lap cho dén khi stack rong
s = get(stack); /LAy dinh ¢ dau ngan xép
if (Ke(s) # @) then { // Néu danh sach Ke(s) chua rdng
t =< Pinh dau tién trong Ke(s)>;
Push(stack, t)’ //Pua t vao stack;
E =E\(s,t); / Loai bo canh (s,t);

}
else { //Truong hop Ke(s)=9
s = Pop(stack);// Pua s ra khoi ngan xép
s =dCE; //Pua s sang dCE
}
} ,
Buéc 3 (Tra lai ket qua) :
<Lat nguoc lai cac dinh trong dCE ta dugc duong di Euler> ;

Hinh 4.4. Thuat toan tim dudng di Euler trén d6 thi.
4.3.3. Kiém nghi¢m thuit toin
Vi du ta can tim duong di Euler trén d6 thi c6 hudng lién thong yéu duoc biéu

dién duoi dang ma trén ké trong Muc 4.3.1. Khi do, dinh u ¢6 deg+(u)-deg-(u)=1 la dinh
1. Két qua thyuc hién cia thuat toan Hinh 4.4 dugc thé hién trong Bang 4.2 dudi day.
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Budc Trang thai Stack Gia tri dCE
1 1 )
2 1,2
3 1,2,3
4 1,2,3,4
5 1,2,3,4,7
6 1,2,3,475
7 1,2,3,4,75,3
8 1,2,3,475311
9 1,2, 3,475,3,11,10
10 1,2,3,4,75,3,11,10,8
11 1,2,3,475,3,11,10,8,4
12 1,2,3,4,75,3,11,10,8,4,10
13 1,2, 3,475,3,11,10,8,4,10,12
14 1,2,3,4,75,3,11,10,8,4,10,12,9
15 1,2,3,4,75,3,11,10,8,4,10,12,9,8
16 1,2, 3,475,3,11,10,8,4,10,12,9,8,7
17 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6
18 1,2, 3,475,3,11,10,8,4,10,12,9,8,7,6,1
19 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5
20 1,2, 3,475,3,11,10,8,4,10,12,9,8,7,6,1,5,4
21 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11
22 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12
23 1,2, 3,475,3,1110,8,4,10,12,9,8,7,6,1,5,4,11,12,13
24 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9
25 1,2 3,475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9,10
26 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9,10,13
27 1,2 3,475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9,10 13,
28 1,2, 3,475,311,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13,9 13,10
29 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12,13 13,10,9
30 1,2 3,475,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11,12 13,10,9,13
31 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,4,11 13,10,9,13,12
32 1,2 3,475,3,11,10,8,4,10,12,9,8,7,6,1,5,4 13,10,9,13,12,11
33 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5 13,10,9,13,12,11,4
34 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,6 13,10,9,13,12,11,4
35 1,2, 3,475,31110,8,4,10,12,9,8,7,6,1,5,6,2 13,10,9,13,12,11,4
36 1,2,3,4,75,3,11,10,8,4,10,12,9,8,7,6,1,5,6,2,5 13,10,9,13,12,11,4

Pua lan leot cdc dinh trong Stack sang dCE

37 ... | dCE = 13,10,9,13,12,11,4,5,2,6,5,1,6,7,8,9,12, 10,4, 8,10,11,3,5,7,4,3,2,1

Lat nguwoc lai cac dinh trong CE ta dwoc dwong di Euler

1- 2- 3-4-7- 5- 3- 11- 10- 8 -4- 10- 12- 9- 8- 7- 6- 1-5- 6- 2- 5- 4-11- 12- 13-9-10-13

76




4.3.4. Cai @it thuat tosn

Chuong trinh tim mot duong di Euler cua dd thi bat diu tao dinh u trén do thi vo
huong lién thong dugc cai dat theo khudén dang do thi biéu dién dudi dang ma tran ke.
Cac thu tuc chinh bao gom:

e Thu tuc Init() : doc dir li¢u theo khuon dang biéu dién ma tran ké.
e Thu tuc Kiemtra(): Kiém tra xem G c6 13 nira Euler hay khéng.

e Thu tuc Euler-Cycle (u) : Xdy dung dudng di Euler bt dau tai dinh u (dinh bac
1¢ dau tién).
Chuong trinh tim dudng di Euler dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE O
void Init(int A[][MAX], int *n){
inti, j;FILE *fp;
fp = fopen("DDEULER.IN", "r");
fscanf(fp,"%d", n);
printf("\n So dinh do thi:%d",*n);
printf("\n Ma tran ke:");
for(i=1; i<=*n;i++){
printf("\n");
for(=1; j<="n;j++){
fscanf(fp,"%d", &A[i][j]);
printf("%3d", A[i][j]);

}
}
fclose(fp);
}
int Kiemtra(int A[][MAX], int n, int *u){
inti, j, s, d;
d=0;
for(i=1; i<=n;i++){
s=0;
for(j=1; j<=n;j++)
s+=A[i]0l;
if(s%2){
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d++;*u=i;

}
}
if(d!'=2) return(FALSE);
return(TRUE);

}
void DDEULER(int A[][MAX], int n, int u){

intv, X, top, dCE;
int stack| MAX], CE[MAX];
top=1; stack[top]=u;dCE=0;
do {
v = stack[top];x=1;
while (x<=n && A[V][x]==0)
X++;
if (x>n) {
dCE++; CE[dCE]=v; top--;
}

else {
top++; stack[top]=x;
A[VI[x]=0; A[X][v]=0;
}
} while(top!=0);
printf("\n Co duong di Euler:");
for(x=dCE; x>0; x--)
printf("%3d", CE[X]);
}

void main(void){
int AIMAX][MAX], n, u;
clrscr(); Init(A, &n);
If(Kiemtra(A,n,&u))
DDEULER(A,n,u);
else printf("\n Khong co duong di Euler");
getch();

}

4.4. P06 thi Hamilton

Véi do thi Euler, chung ta quan tam tdi viéc duyét cac canh cua d6 thi mdi canh

dung mot 14n, thi trong muc ndy, chiing ta xét dén mot bai toan twong tw nhung chi khac
nhau 1a ta chi quan tdm t&1 cac dinh cua d6 thi, moéi dinh dung moét 1an. Sy thay doi nay
tuong nhu khong dang ké, nhung thuc té c6 nhicu sy khac bi¢t trong khi gidi quyét bai

toan.
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Pinh nghia. Duong di qua tit ca cac dinh ciia d6 thi mdi dinh ding mét 1an dugc
goi 1a duong di Hamilton. Chu trinh bét dau tai mot dinh v ndo d6 qua tat ca cac dinh con
lai mdi dinh ding mot 14n sau do quay tr¢ lai v dugc goi 1a chu trinh Hamilton. Do thi c6
chu trinh Hamilton duoc goi 1a d6 thi Hamilton. D6 thi ¢6 duong di Hamilton duogc goi 1a
dd thi nira Hamilton.

Nhu vy, mot d6 thi Hamilton bao gior ciing 1a d thi nira Hamilton nhung diéu nguoc
lai khong luon luén dung. Vi du sau s€ minh hoa cho nhéan xét nay.

Vi du. Db thi do thi hamilton G3, nira Hamilton G2 va G1.

a a ob de oD

b c c d c® L X0
G1 G2 G3
Hinh 4.5. D6 thi dd thi hamilton G3, nira Hamilton G2 va G1.

4.4.1. Thuét toan tim tét ca cac chu trinh Hamilton

Cho dén nay, vi¢c tim ra mdt ti€u chuin dé nhan biét dd thi Hamilton van con md,
mic du day 13 van dé trung tdm cta 1y thuyét do thi. Cho dén nay ciing van chua c6 thuat
toan hiéu qua dé kiém tra mot dd thi c6 phai 1a do thi Hamilton hay khong. Hinh 4.6
dudi ddy mo ta thudt toan liét ké tat ca chu trinh Hamilton bét dau tai dinh k.

Thudgt toan Hamilton( int k) {
/* Liét ké cdc chu trinh Hamilton cia do thi bang cach phat trién day dinh
(X[11, X[21, . . ., X[k-1] ) ciia d6 thi G = (V, E) */
for y e Ke(X[k-1]) {
if (k==n+1) and (y == v0) then
Ghinhan(X[1], X[2], . . ., X[n], vO);

else {
X[K]=y; chuaxet[y] = false;
Hamilton(k+1);
chuaxet[y] = true;

}

Hinh 4.6. Thuét toan liét ké cac chu trinh Hamilton bét dau tai dinh k.
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Khi do6, viéc liét ké chu trinh Hamilton duoc thuc hién nhu sau:

Begin
for (veV ) chuaxet[v] = true; /*thiét ldp trang théi cdc dinh*/
X[1] = v0; (*v0 la mét dinh néo d6 cia do thi*)
chuaxet[v0] = false;
Hamilton(2);
End.

4.4.2. Kiém nghi¢m thuit toin

Vi du véi d6 thi G=<V, E> dudi ddy sé& cho ta cdy tim kiém chu trinh Hamilton thé
hién thuat toan trén dugc mé ta nhu trong Hinh 4.6.

2

G=(V,E)

1 1 1 1 1
Hinh 4.7. Cay tim kiém chu trinh Hamilton.

4.4.3. Cai dit thuat toan

Chuong trinh li¢t ké cac chu trinh Hamilton dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], C[MAX], B[MAX];

intn,i, d;
void Init(void){
inti, j;FILE *fp;
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fp= fopen("CCHMTON.IN", "r");
if(fp==NULL){
printf("\n Khong co file input");
getch(); return;
}
fscanf(fp,"%d",&n);
printf(*\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(j=1; j<=n; j++}{
fscanf(fp, "%d", &A[i][J]);
printf("%3d", A[i]l[j]);
}
}
fclose(fp);
for (I=1; i<=n;i++)
C[i]=0;
}
void Result(void){
inti;
printf(*\n ");
for(i=n; i>=0; i--)
printf("%3d", B[i]);
d++;
}
void Hamilton(int *B, int *C, int 1){
int j, k;
for(=1; j<=n; j++)}{
If(A[B[i-1]]1[]==1 && C[j]==0}
B[i]=j; CLi1=1;
if(i<n) Hamilton(B, C, i+1);
else if(B[i]==B[0]) Result();
C[i1=0;

}
}
void main(void){
B[0]=1; i=1;d=0; Init();
Hamilton(B,C,i);
if(d==0) printf("\n Khong co chu trinh Hamilton™);

}

81



4.4.3. Cai @it thuat tosn

Ciing giébng nhu thuit toan tim chu trinh Hamilton, thuat toan tim duong di
Hamilton duogc cai dat nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int AIMAX][MAX], C[MAX], B[MAX];
intn,i, d;
void Init(void){
inti, j;FILE *fp;
fp= fopen("DDHMTON.IN", "r");
if(fp==NULL){
printf("\n Khong co file input");
getch(); return;
}
fscanf(fp,"%d",&n);
printf(*\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(=1; j<=n; j++X{
fscanf(fp, "%d", &A[i][i]);
printf("%3d", A[iI1[D;
}
}
fclose(fp);
for (i=1; i<=n;i++)
C[i]=0;
}
void Result(void){
inti;
printf("\n ");
for(i=n; i>0; i--)
printf(*%3d", B[i]);
d++;

}
void Hamilton(int *B, int *C, int i){
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int j, k;
for(j=1; j<=n; j++){
If(A[B[i-1]1[j]==1 && C[j]==0){
B[i]=j; C[i1=1;
if(i<n) Hamilton(B, C, i+1);
else Result();

C[]=0;
}
}
}
void main(void){
B[0]=1; i=1;d=0;
Init();
Hamilton(B,C,i);
if(d==0)
printf("\n Khong co duong di Hamilton");
getch();
}

4.5. Nhirng diém can ghi nhé
v/ Khai niém va dinh nghia vé d6 thi Euler, d6 thi nira Euler, d6 thi Hamilton, d6 thi
ntra Hamilton.

v/ Nam viing va phan biét rd sy khac biét gitra chu trinh (duong di) Euler va chu
trinh (duong di Hamilton).

v' Phuong phép hiéu rd ban chat cua thuat toan 1a cai dit va kiém ching thuat toan
bang cach viét chuong trinh.
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BAI TAP

1. Cho @b thi vo hudng lién théng
G=<V,E> nhu hinh bén phai. Hay thuc
hién:
a) Chirng minh d6 thi d cho 1a Euler?
b) Xay dung thuit toan tim mot chu
trinh Euler ciia do thi bit dau tai dinh
ueV?
¢) Tim moét chu trinh Euler bat dau tai
dinh u=1? Chi rd két qua trung gian theo
mdi bude thuc hién cua thuit toan?
d) Tim mot chu trinh Euler bat dau tai
dinh u=5? Chi 1 két qua trung gian theo
mdi bude thuc hién cua thuit toan?
e) Viét chuwong trinh tim mét chu trinh
Euler ctia d6 thi bt dau tai dinh u?

O OO0 O OO0 Ok oOoOkr OO o

2. Cho dd thi vo hudéng lién thong
G=<V,E> nhu hinh bén phai. Hay thuc
hién:
a) Chung minh d6 thi d3 cho 13 nua
Euler?
b) Xay dung thuét toan tim mot duong
di Euler cua db thi?
¢) Tim mot duong di Euler ciia d thi?
Chi 13 két qua trung gian theo mdi budc
thuc hién cua thuat toan?
d) Viét chuong trinh tim mot duong di
Euler cua do thi?

O OO0 O OO0 O Frr Ok Oo o
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3. Cho db thi c6 huéng lién thong yéu
G=<V,E> nhu hinh bén phai. Hay thuc

hién: 0o 0o 0001 0 O O OOTG OTFPOO

a) Chimg minh dd thi ddcho laEuler? |0 0 o 0 0 0 0 ¢ 1 o o o .

b) Xay dung thuat tpéq tim mQt chul, 6 0 001 00000 0 0

trinh Euler cua d6 thi bat dau taidinh |y o 4 o o0 0 1 0 0 0 0 0 0

ueV? o 000O0O0OGO0UO0UOT10T10

¢) Tim mdt chu trinh Euler bat ddutaijo o o 0 0 0 0 0 0 0 1 0 1

dinh u=1? Chi r két qua trung giantheo[0 0 0 1 0 0 0 0 0 0 0 1 0

mdi budc thuc hién cua thuat toan? 0 0001 01 000O0TUO0TUO0O

d) Tim mét chu trinh Euler bat ddu tai|0 1 1 0 0 0 0 0 0 0 0 0 0

dinh u=5? Chi r két qua trung gian theo [0 1 0 0 0 0 0 1 0 0 0 0 0

mdi budc thuc hién cua thuat toan? 6001000001000

e) Viét chuwong trinh tim mot chu trinh 0000000010100
Euler ctia d6 thi bt dau tai dinh u?

4. Cho @6 thi c6 huéng lién théng yéu|0 0 0 0 0 1 0 0 0 0 0 0 0

G=<V,E> nhu hinh bén phai. Hay thyc{0 0 1 0 0 0 0 1 0 0 0 0 O

hién: 0 0 0O 0O0O 00O 01 0 0 01

a) Chimg minh d6 thi di cho 14 nga|l 0 0 0 0 1.0 0 0 0 0 0 0

Euler? 0 0o 0O OO0 O 1 0 00O O0O0TUO

b) Xay dung thuit todn tim mot duodng 0 0000000010170

di cua dé thi? 0o 0 0 000OOOO0OOT1TO0T1

: N . , .. .. l0o0o 01 0000000O0TL1SP0

¢) Tim mét duong di Euler cva d6 thi? | o o g o 1 0 0 0 0 0 0 0 0

Chi r6 két qua trung gian theomoibude |5 1 1 0 0 0 0 0 0 0 0 0 0O

thl_IC hléIl cua thuét toan? 0 1 0 00O O 1 0O O O OO

e) Viét chuong trinh tim mot duong di|o o0 0 1 0 0 0 0 0 1 0 0 O

duler cta d6 thi? 0 0000 O0OO0OOT1OU0T1OU0O0

5. Cho d6 thi v6 hudng lién théng dugc biéu dién dudi dang danh sach k& nhu duéi day:
Ke(1)={4,6}. Ke(5)={7,9}. Ke(9)={3,5,7,13}.
Ke(2)={3,8,10, 11}. Ke(6)={1,4,10,12}. Ke(10)={2,3,6,12}.
Ke(3={2910 13} Ke(7)={5,9,11,13}. Ke(11)={2,7,8,13}.
Ke(4)={1,6,8,12}.  Ke8)={24,11,12}. Ke(12)={4,6,8,10}.

Ke(13)={3,7,9,11}.

Hay thuc hién:
a) Tim mot chu trinh Euler bat dau tai dinh u=1? Chi rd két qua trung gian
theo mdi budc thuc hién ctia thuat toan?
b) Tim mot chu trinh Euler bat dau tai dinh u=5? Chi 1d két qua trung gian
theo mdi budc thuc hién cta thuat toan?
c) Viét chuong trinh tim mét chu trinh Euler cua dd thi bat dau tai dinh u?

6. Cho dd thi v6 hudng lién théng dugc biéu dién dudi dang danh sach k& nhu duéi day:
Ke(l)={4,6}. Ke(5)={7,9}. Ke(9)={3,5,7,13}.
Ke(2)={3,8,10, 11}. Ke(6)={1,10,12}. Ke(10)={2,3,6,12 }.
Ke3)={2,9,10,13}. Ke(7)={5,9,11,13}. Ke(11)={2,7,8,13}.
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Ke(4)={1,8,12} Ke(8)={2,4,11,12}. Ke(12) ={ 4,6, 8,10 }.
Ke(13)={3,7,9,11}.
Hay thuc hién:
a) Xay dyng thuat toan tim mot dudng di Euler cta do thi?
b) Tim mot duong di Euler ciia db thi? Chi 1& két qua trung gian theo mdi
budc thuc hién cua thuat toan?
¢) Viét chuong trinh tim mot dudng di ciia d6 thi bit dau tai dinh u?
7. Cho dd thi c6 hudng lién thong yéu duoc biéu dién dudi dang danh sach ké nhu dudi
day:

Ke(1)={ 6 }. Ke(5)={7}. Ke(9)={5,7}.

Ke(2)={3,8} Ke®6)={10,12}. Ke(10)={2, 3 }.
Ke(3)={9,13} Ke(7)={11,13}. Ke(11)={2 8}.
Ke(4)={1,6} Ke@®)={4 12} Ke(12)={4,10}

Ke(13)={ 9,11 }.
Hay thuc hién:
a) Tim mot chu trinh Euler bat dau tai dinh u=1? Chi rd két qua trung gian
theo mdi budc thuc hién cta thuat toan?
b) Tim mot chu trinh Euler bt dau tai dinh u=7? Chi 1 két qua trung gian
theo moi budc thuc hién cta thuat toan?
c) Viét chuong trinh tim mdt chu trinh Euler cia dd thi bat dau tai dinh u?

8. Cho d6 thi c6 hudng lién thong yéu duoc biéu dién dudi dang danh sach ké nhu dudi
day:

Ke()={ 6 }. Ke(5)={7}. Ke(9)={5,7}.

Ke(2)={3,8. Ke®6)={10,12}. Ke(10)={2,3}.
Ke(3)={9,13}. Ke(7)={11,13}. Ke(11)={2,8}.
Ke(4)={1}. Ke(8)={ 4,12 }. Ke(12) ={ 4,10}

Ke(13)={ 9,11 }.
Hay thuc hién:
a) Trinh bay thuat toan tim mot duong di Euler trén d6 thi c6 huéng?
b) Tim mdt duong di Euler ctia do thi?
¢) Viét chuong trinh tim mot duong di Euler ctia d thi?
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CHUONG 5. CAY KHUNG CUA PO THI

Noi dung chinh ctia chuong nay dé cip dén mot loai do thi don gian nhét do 1a cay.
Cay dugc tng dung rong rii trong nhiéu linh vuc khac nhau cua tin hoc nhu t6 chuc cac
thu muc, luu trit dit liéu, biéu dién tinh toan, biéu dién quyét dinh va t6 chirc truyén tin.
Nhitng noi dung duoc trinh bay bao gom:

v' Ciy va céc tinh chét co ban cua ciy.

v' Cay khung ctia do thi & céc thuit toan co ban xay dung ciy khung ctia do thi.
v/ Bai toan tim cdy khung nho nhit & céac thuit toan tim cay khung nhoé nhat.

v Thuét toan Kruskal tim cy bao trim nho nhat.

v Thuét toan Prim tim cdy bao trim nho nhat.

Ban doc c6 thé tim thay nhitng chtrng minh cu thé cho céc dinh 1y, tinh dung dan va
dd phuec tap cac thuat todn thong qua cac tai liéu [1], [2].

5.1. Cy va mdt s6 tinh chit co ban

Pinh nghia 1. Ta goi cay 1a do thi vo hudng lién thong khong co chu trinh. Do thi
khong lién thong dugc goi la rung.
Nhu vy, rimg 14 d6 thi ma mdi thanh phan lién thong ctia n6 1a mot cay.

Vi du. Rimng gom 3 cay trong hinh 7.1.

T1 T2 T3
Hinh 5.1 . Rirng gom 3 cdy T1, T2, T3.

Cay duogc coi la dang dd thi don gian nhét cta do thi. Pinh 1y sau day cho ta mot
sO tinh chat cua cay.

Pinh ly. Gia sir T= <V, E> 1a d0 thi vo huéng n dinh. Khi d6 nhiing khang dinh
sau la trong duong

a) T la mot cay;
b) T khéng c6 chu trinh va c6 n-1 canh;

c) T lién thong va c6 ding n-1 canh;
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d) T lién thong va mdi canh ctia nd déu 1a cau;
e) Giira hai dinh bat ky ciia T duoc ndi voi nhau boi dung mot duong di don;

f) T khong chtra chu trinh nhung hé ctr thém vao n6é mdt canh ta thu duoc dung
mot chu trinh;

Chirng minh. Dinh Iy dugc chimg minh dinh ly thong qua cac budc (a) =>(b)
=>(c) => (d) =>(e) => () => (a). Nhing budc cu thé cua qua trinh chirng minh ban doc
c6 the tim thay trong cac tai li¢u [1], [2].

Pinh nghia 2. Cho G 1a do thi v0 huong lién thong. Ta goi d6 thi con T ctia G la
mot cay khung ctia G (Cay bao trum) néu T thoa man hai diéu kién:

a) T la mot cay;
b) Tap dinh cua T bang tap dinh cua G.
Trong 1y thuyét do thi, nguoi ta qua tim dén hai bai toan co ban vé cay:

Bai toan 1. Cho d6 thi vo huéng G =<V,E>. Hiy xdy dung mot ciy khung cua do
thi bét dau tai dinh ueV.

Bai toan 2. Cho d6 thi vo huéng G =<V,E> c6 trong s6. Hay xdy dung cdy khung
c6 do dai nho nhat.

Bai toan 1 dugc giai quyét bang cac thuét toan tim kiém co ban: thuat toan DFS
hodc BFS. Bai toan 2 dugc giai quyét bang thuat toan Kruskal hodc PRIM.

5.2. Xay dung cAy khung ciia d6 thi dwa vao thuit toan DFS

Pé tim mot cay khung trén dd thi vo hudng lién thong ta c6 thé st dung k§ thuat
tim kiém theo chiéu sau. Gia sir ta cAn x4y dyng mdt ciy bao trum xuét phat tai dinh u
nao d6. Trong ca hai truong hop, mdi khi ta dén duoc dinh v tirc (chuaxet[v] = False) tur
dinh u thi canh (u,v) duoc két nap vao cay khung. K¥ thuat xay dung ciy khung bat dau
tai dinh u dua vao thuit toan DFS dugc mo ta trong Hinh 5.2.

5.2.1. Mo ta thuat toan

Thuat toan Tree-DFS(u) {
chuaxet[u] = False; //Bdt trang thai dinh u tir True tro thanh False
for veKe(u) do { //Duyét trén danh sdch ké cia dinh u
if (chuaxet[V]) { //Néu dinh v chwa dwoc xét dén
T =Tou(uV); IIHop canh (u,v) vao cdy khung
DFS(V); //Duyét theo chiéu siu bdt dau tai dinh v

Hinh 5.2. Thuat toan Tree-DFS(u).
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Khi d6, qua trinh xay dung cay khung bat dau tai dinh u dugc thuc hién nhu thuat
toan trong Hinh 5.3.

Thuat toan Tree-Graph-DFS() {
for each ueV do //Khdi tao cac dinh chwa xét
chuaxet[u]= True;

endfor;
roof = <Pinh bat ky cta d6 thi>; /Ldy mét dinh bat ky lam goc
T=0; IIThiet ldp tap canh ban dau cua cdy la &

Tree-DFS(roof); //Thuec hi¢n thudt toan Tree-DFS(roof)
if (|T| <n-1) <b0 thi khong lién thong>;
else <Ghi nhan tip canh Tcua cay khung>

Hinh 5.3. Thuat toan xay dung cay khung dwa vao DFS.
5.2.2. Kiém nghiém thuit toan

Gia st ta can kiém nghiém thuat toan Tree-Graph-DFS véi dinh bat dau u=1 trén
do thi duoc biéu dién dudi dang ma tran ké dudi day. Khi d6 cac budc thuc hién cia
thuat toan dugc thé hién trong Bang 5.1.

01110 0 O0O0OO0OTO0OTOTGOSFO
1011 0 0 O0O0O0OO0OO0OO0OCTUO
11 01 1 0 0 O0O0O0O0OO0OO
111 0 00 O0O0O0O0O0O0TO
0 01 00111100600
0 0 00 1 01 01 0 0 000
0 0 00 1 1 01 0 0 0 000
0 0o 001 01 01 00 00O
0 0 00 1 1 0101 0 000
0 0o 0o 00O O0OOTI1TTUO0T1T11
0 0000 O O0OOOTI1TO0T11
0 0 00O O O O O0OT1 101
0 0o 0o 00O O0OOOTI1T 110

Bang 5.1. Kiém nghiém thuat toan Tree-Graph-DFS

Budc | Tree-DFS(u) =? T=?

1 1 T=0

2 1,2 T=Tu(l1,2)
3 1,2,3 T=TuU(2,3)
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4 1,2,3,4 T=Tu@B, 4)

5 1,2,3,4,5 T =Tu(3, 5)

6 1,2,3,4,5,6 T=Tu(5, 6)

7 1,2,3,4,5,6,7 T=Tu(6,7)

8 1,2,3,4,56,7,8 T=Tu(7,8)

9 1,2,3,4,56,7,8,9 T=Tu(8,9)
10 1,2,3,4,5,6,7,8,9,10 T =Tu(9, 10)
11 1,2,3,4,5,6,7,8,9, 10, 11 T = Tu(10, 11)
12 1,2,3,4,5,6,7,8,9,10, 11, 12 T=Tu(11, 12)
13 1,2,3,4,5,6,7,8,9, 10,11, 12, 13 T=Tu(12, 13)

Két luan T = {(1,2), (2,3), (3,4), (3,5), (5,6), (6,7), (7,8), (8,9), (9,10), (10,11),

(11,12), (12,13)

5.2.3. Cai dit thuit to4n

ma tran ké. Céc thu tuc chinh duoc cai dat bao gém:

Thuat toan Tree-Graph-DFS duoc cai dat dbi v6i do thi dugc bicu dién duéi dang

e Thu tuc Init() : doc dit liéu va thiét 1ap gia tri ctia mang chuaxet[].

e Thu tuc Tree-DFS (u) : thudt toan DFS bt dau tai dinh u.

e Thu tuc Result(): ghi nhan tap canh cta cdy khung.

Chuong trinh xay dung mét cay khung duoc thé hién nhu sau:

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 50
#define TRUE1
#define FALSE 0

int CBT[MAX][2], n, AIMAX][MAX], chuaxetfMAX], sc, QUEUE[MAX];

void Init(void){
inti, j;FILE *fp;
fp= fopen("BAOTRUML.IN", "r");
if(fp==NULL){
printf("\n Khong co file input");
getch(); return;

}
fscanf(fp,"%d",&n);
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printf("\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf(*\n");
for(j=1; j<=n; j++1{
fscanf(fp, "%d", &A[i][j]);
printf("%3d", A[i][j]);
}
}
fclose(fp);
for (i=1; i<=n;i++)
chuaxet[i]=TRUE;
}
void TREE_DFS(int i){
int j; chuaxet[i] = False;
If(sc==n-1) return;
for(j=1; j<=n; j++X{
i (chuaxet[j] && A[i][j1{ sct+;
CBT][sc][1]=i; CBT[sc]l[2]=i;
If(sc==n-1) return;
STREE_DFS(j);

}
}
void Result(void){
inti, j;
for(i=1; i<=sc; i++){
printf("\n Canh %d:", 1);
for(j=1; j<=2; j++)
printf("%3d", CBT[i][j]);
}

void main(void){
int 1; Init(); sc=0; i=1; /* xay dung cay bao trum tai dinh 1*/
TREE_DFS(i);
if (sc<n-1) printf(“\n DS thi khong lién thong™);
else Result();

}
5.3. Xay dung cAy khung ciia do thi dwa vao thuit toan BFS

Dé tim mot cay khung trén dd thi vo hudng lién thong ta c6 thé st dung k§ thuat
tim ki€ém theo chi€u rong. Gia sir ta can xay dung mdt cay bao trum xuat phat tai dinh u
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nao do. Trong ca hai truong hop, moi khi ta dén dugc dinh v tirc (chuaxet[v] = False) tir
dinh u thi canh (u,v) dugc két nap vao cay khung.

5.3.1. Cai dit thuat to4n

Thuat toan xiy dung cdy khung ctia d6 thi duoc mé ta nhu Hinh 5.4.

Thuat toan Tree-BFS(u):
Begin
Budc 1 (Khdi tao):
T = &; //Tap canh cdy khung ban dau.
Queue = &J; //Thiét 1ap hang doi ban dau;
Push(Queue, u); //Pua u vao hang doi;
chuaxet[u] = False;//Bat trang thai da xét cua dinh u
Budc 2 (Lap):
while (Queue=d ) do { //Lap cho dén khi hang doi rong
s = Pop(Queue); Lay s ra khoi hang doi
for each teKe(s) do { //Lap trén danh sach Ke(s)
if (chuaxet[t] ) then { //Néu dinh t chuaxet
Push(Queue, t);// Pua t vao hang doi
T = Tu(s,t); //Két nap (s,t) vao cay khung
chuaxet[t] = False; /Ghi nhan t da xét
endif ;
endfor ;
endwwhile ;
Buéc 3 (Tra lai két qua) :
if (| T|<n-1)<PH thi khong lién thong> ;
else <Ghi nhan tap canh T cta cay khung" ;
end.

Hinh 5.4. Thuat toan Tree-BFS(u).
5.3.2. Kiém nghiém thuit toan
Gia st ta can kiém nghiém thuat toan Tree- BFS vdi dinh bat dau u=1 trén do thi

duoc biéu dién dudi dang ma tran ké duéi day. Khi d6 cac budc thuc hién cua thuat toan
duoc thé hién trong Bang 5.2.
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Bang 5.2. Kiém nghiém thuat toan Tree-BFS

Budc | Trang thai hang doi: Tree-BFS(u) =? | T =?

1 1 T=0

2 2,3,4 T=Tu{(1,2),(1,3), (1,4}

3 3,4 T=Tud

4 4,5 T=TU(3,5)

5 5 T=TuY

6 6,7,8,9 T=Tu{(5,6), (5,7), (5,8), (5,9)}
7 7,8,9 T=TuJ

8 8,9 T=Tud

9 9 T=TuY

10 10 T=Tu(9,10)

11 11,12, 13 T =Tu{(10,11), (10,12), (10,13)}
12 12,13 T=Tud

13 13 T=Tud

14 %) T=TuJ

Két luan T = {(1,2), (1,3), (1,4), (3,5), (5,6), (5,7), (5.8), (5,9), (9,10), (10,11),

(10,12), (10,13)

5.3.3. Cai diit thuat to4n

Thuét toan Tree-BFS duoc cai dat dbi voi do thi duoc biéu dién duéi dang ma tran
ke. Cac thu tuc chinh dugc cai dit bao gom:
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e Thu tuc Init() : doc dir liéu va thiét 1ap gia tri ctia mang chuaxet[].
e Thu tuc Tree-BFS (u) : thuat toan BFS bt dau tai dinh u.
e Thu tuc Result(): ghi nhan tap canh cta cay khung.

Chuong trinh xay dung mot cdy khung duogc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#define MAX 50
#define TRUE1
#define FALSE 0
int CBT[MAX][2], n, AIMAX][MAX], chuaxetfMAX], sc, QUEUE[MAX];
void Init(void){
inti, j;FILE *fp;
fp=fopen("BAOTRUML.IN", "r");
if(fp==NULL){
printf("\n Khong co file input™);
getch(); return;
}
fscanf(fp,"%d",&n);
printf("\n So dinh do thi:%d", n);
printf("\n Ma tran ke:");
for(i=1; i<=n; i++){
printf("\n");
for(j=1; j<=n; j++){
fscanf(fp, "%d", &A[i][j]);
printf("%3d", A[i][jD;
}
}
fclose(fp);
for (i=1; i<=n;i++)
chuaxet[i]=TRUE;
}
void TREE_BFS(int u){
int dauQ, cuoiQ, v, p;
dauQ=1; cuoiQ=1; QUEUE[dauQ]=u;chuaxet[u]=FALSE;
while(dauQ<=cuoiQ){
v= QUEUE[dauQ]; dauQ=dauQ+1;
for(p=1; p<=n; p++){
if(chuaxet[p] && A[V][p]{
chuaxet[p]=FALSE; sc++;
CBT[sc][1]=v; CBT[sc][2]=p;

94



cuoiQ=cuoiQ+1;
QUEUE[cu0iQ]=p;
if(sc==n-1) return;

}
}
}
¥
void Result(void){
inti, j;
for(i=1; i<=sc; i++){
printf("\n Canh %d:", i);
for(j=1; j<=2; j++)
printf("%3d", CBT[i][j]);
}
}

void main(void){
int 1; Init(); sc=0; i=1; /* xay dung cdy bao trum tai dinh 1*/
TREE_BFS(i);
if (sc<n-1) printf(“\n D6 thi khong lién thong™);
else Result();

¥

5.4. Bai toan xay dung cay khung cé d dai nhé nhat

Bai toan tim cdy khung nho nhét 1a mot trong nhitng bai toan toi wu trén db thi c6 tmg
dung trong nhiéu linh vyc khac nhau cua thyc t€. Bai todn dugc phat biéu nhu dudi day.

5.4.1. Dat bai toan

Cho G=<V, E> 1a d thi vo hudng lién théng véi tap dinh V.= {1,2,...,n} va tap
canh E gdm m canh. Mdi canh e cta d6 thi dugc gan véi mot s6 khong am c(e) duoc goi
1a d6 dai canh. Gia st H=<V, T> 1a mot cay khung cta dd thi G. Ta goi d6 dai c(H) cua
cay khung H la tong do dai cac canh: c(H) = Zc(e) . Bai toan duoc dat ra 13, trong s cac

eeT

ciy khung ctia do thi hiy tim cay khung c6 do dai nho nhat cta d6 thi.
Dé minh hoa cho nhiing ing dung cta bai toan niy, chung ta c6 thé tham khao hai mo
hinh thuyc té cua bai toan.

Bai toan ndi mang mdy tinh. Mot mang may tinh gdm n may tinh dugc dénh s6
tu 1, 2, ..., Nn. Biét chi phi n6i may i voi may jlac[i, j],1,j=1, 2, ..., n. Haytim cach
noi mang sao cho chi phi 1a nho nhat.

Bai toan xdy dung hé thong cable. Gia sir ta mu6n xay dung mot hé thong cable
dién thoai n6i n di€ém ctia mot mang vién thong sao cho diém bat ky nao trong mang déu
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c6 dudng truyén tin téi cac diém khac. Biét chi phi xay dung hé thong cable tir diém i dén
diém j la c[i,j]. Hay tim cach xay dung hé thong mang cable sao cho chi phi la nhé nhat.
Dé giai bai toan cay khung nho nhat, chung ta c6 thé liét ké toan bo cay khung va

chon trong s6 d6 mdt cay nhé nhat. Phuong an nhu vay thuc sy khong kha thi vi s6 cay
khung cua do thi 1a rat 16n co n"?, didu nay khong thé thyc hién dugc vdi do thi voi so
dinh c6 chuc.

Dé tim mot cay khung ta c6 thé thuc bang hai thudt toan: Thuit toan Kruskal va thuét
toan PRIM.

5.4.2. Thuat toan Kruskal

Thuat toan s& xay dyng tip canh T cta cdy khung nho nhat H=<V, T> theo ting
budc duge mo ta trong Hinh 5.5 nhu dudi day.

a) Mo ta thuat toan

Thuat toan Kruskal:
Begin
Budc 1 (Khoi tao):
T = O; lIKhai tao tdp canh cdy khung la &
d(H) = 0’ //Khdi tao do dai nhé nhdt cdy khung la 0
Buée 2 (Sap xép):
<S§ip xép cac canh cua d6 thi theo thtr tu giam dan cua trong s6>;
Budc 3 (Lap):
while (|T<n-1| && E=@ ) do { // Lap néu E=2va |T|<n-1
e = <Canh c6 d¢ dai nh6 nhat>;
E = E\{e}; //Loqi canh e ra khéi do thi
if (Tu{e} khong tao nén chu trinh ) then {
T = U{e}; Il Két nap e vdo tdp canh cdy khung
d(H) =d(H) + d(e); //Dé dai cua tap canh cdy khung
endif;
endwhile;
Buéc 4 (Tra lai két qua):
if (IT| < n-1) then <P) thi khong lién thong>;
else
Return( T, d(H));
end.

Hinh 5.5. Thuat todn Kruskal tim cay khung nhé nhat.
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b) Kiém nghiém thuit toan

Vi du ta can kiém nghi¢m thuat toan Kruskal trong Hinh 5.5 trén dd thi duge biéu
dién dudi dang ma tran ké nhu dudi day. Thuc hién tuan tu cac bude cua thuat toan ta sé
dugc két qua nhu sau:

o 2 1 3 o w o w o W o 0 ©

2 o 2 o o 5 5 o w o o o o

1 2 o 4 o 5 o o o o o o ®

3 o 4 o 5 5 oo o w o wo o o

o o o 5H o 6 w w o 6 w o ©

o 5 5 5 6 o 6 6 6 6 0 o o

o 5 o w o 6 w 6 w o w ®w ©

o ® w o o 6 6 wo 7T o oo 1 7

o ® w o o 6 w 7T o T 7T o ©

o o o o 6 6 w w 7T wo 7 T ©

©® o w o © o o o [ 1 o 8 o

o o w w o w o [ o 1 8 o 8

© ® w o o o o [ o w ©w 8

Buwéce 1: T=¢; D(T) =0;
Budc 2. Sap x€p cac canh theo thir ty tdng dan cua trong so

Diu Cudi Tr.SH Diu Cudi Tr.So
1 2 2 1 3 1
1 3 1 1 2 2
1 4 3 2 3 2
2 3 2 1 4 3
2 6 5 3 4 4
2 7 5 2 6 5
3 4 4 2 7 5
3 6 5 . 3 6 5
4 5 5 - 4 5 5
4 6 5 4 6 5
5 6 6 . 5 6 6
5 10 6 - 5 10 6
6 7 6 6 7 6
6 8 6 6 8 6
6 9 6 6 9 6
6 10 6 6 10 6
7 8 6 7 8 6
8 9 7 8 9 7
8 12 7 8 12 7
8 13 7 8 13 7
9 10 7 9 10 7
9 11 7 9 11 7
10 11 7 10 11 7
10 12 7 10 12 7
11 12 8 11 12 8
12 13 8 12 13 8
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Budc 3 (1ap) :

STT Canh duoc xét T we
1 E\(1,3) T=Tu(1,3); D(T)=1
2 E=E\(1,2) T=Tu(1,2);D(T) =142 =3
3 E =E\(2,3) Tao nén chu trinh
4 E=E\(1,4) T=Tu(1,4); D(T) =3 +3 =6
5 E =E\(3,4) Tao nén chu trinh
6 E =E\(2,6) T=Tu(2,6); D(T) = 6+5=11
7 E=E\2,7) T=Tu(2,7); D(T) = 11+5 =16
8 E = E\(3,6) Tao nén chu trinh
9 E =E\(4,5) T=Tu (4,5); D(T) =16+5 =21
10 E =E\(4,6) Tao nén chu trinh
11 E = E\(5,6) Tao nén chu trinh
12 E = E\(5,10) T =Tu(5,10); D(T) = 21+6 =27
13 E = E\(6,7) Tao nén chu trinh
14 E = E\(6,8) T =Tu(6,8); D(T) = 27+6 =33
15 E =E\(6,9) T =Tu(6,9); D(T) = 33+6 =39
16 E = E\(6,10) Tao nén chu trinh
17 E =E\(7,8) Tao nén chu trinh
18 E =E\(8,9) Tao nén chu trinh
19 E =E\(8,12) T =Tu(8,12); D(T) = 39+7 =46
20 E = E\(8,13) T =Tu(8,13); D(T) = 46+7 =53
21 E = E\(9,10) Tao nén chu trinh
22 E =E\(9,11) T=Tu(9,11); D(T) = 53+7 =60
Budc lap két thuc vi [T|> N-1 =12

Budc 4 : Tra lai két qua:
T={(13), (1,2), (1,4), (2,6), 2,7), (4,5), (5,10), (6,8),(6,9), (8,12), (8,13), (9,11) }
D(T)=1+2+3+5+5+5+6+6+6+7+7+7 =60
¢) Cai dat thuat toan
Chuong trinh tim cay khung nho nhét theo thuat toan Kruskal cho d6 thi biéu dién
dudi dang danh séch trong s6 duoc thé hi¢n dudi day vai cac thu tuc:
e Thu tyc Init(): doc dit lidu biéu dién bang danh sach trong s6.

e Thii tuc Heap(): sap xép cac canh theo thir tu ting dan cia trong s6 bang thuat
toan Heap Sort.

e Thii tuc Find(), Union() : tim va kiém tra khi két nao canh vao cdy khung c6 tao
nén chu trinh hay khéng.

e Thu tuc Result() : dua ra tip canh va d6 dai nho nhét ciia ciy khung.
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#include <stdio.h>
#include <conio.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
int n, m, minl, connect;
int dau[500],cuoi[500], w[500];
int daut[50], cuoit[50], father[50];
void Init(void){
inti; FILE *fp;
fp=fopen("baotruml.in","r");
fscanf(fp, "%d%d", &n,&m);
printf(*\n So dinh do thi:%d", n);
printf("\n So canh do thi:%d", m);
printf("\n Danh sach ke do thi:");
for(i=1; i<=m;i++){
fscanf(fp, "%d%d%d", &dau[i], &cuoi[i], &wl[i]);
printf("\n Canh %d: %5d%5d%5d", i, dau[i], cuoi[i], w[i]);
}
fclose(fp);getch();
}
void Heap(int First, int Last){
int j, k, t1, t2, t3;
J=First;
while(j<=(Last/2)){
if( (2*))<Last && w[2*] + 1]<w[2*]])

k= 2% +1;

else
k=2%j;

if(wk]<w[j{
t1=dau[j]; t2=cuoi[j]; t3=w[j];
dau[j]=dau[k]; cuoi[j]=cuoi[K]; w[j]=w[K];
dau[k]=t1; cuoi[Kk]=t2; w[k]=t3; j=k;

}

else j=Last;

int Find(int i){
int tro=i;
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while(father[tro] >0) tro=father[tro];
return(tro);
}
void Union(int i, int j){
int x = father[i]+father[j];
if(father[i]>father[j]) {father[i]=j;father[j]=x; }
else {
father[j]=i; father[i]=x;
}
}

void Krusal(void){
int i, last, u, v, rl, r2, ncanh, ndinh;
for(i=1; i<=n; i++) father[i]=-1;
for(i= m/2;i>0; i++)
Heap(i,m);
last=m; ncanh=0; ndinh=0:minl=0;connect=TRUE;
while(ndinh<n-1 && ncanh<m){
ncanh=ncanh+1; u=dau[l]; v=cuoi[1];
r1= Find(u); r2= Find(v);
if(ri!=r2) {
ndinh=ndinh+1; Union(rl,r2);
daut[ndinh]=u; cuoit[ndinh]=v;
minl=minl+w[1];
}
dau[l]=dau[last]; cuoi[l]=cuoi[last]; w[1]=w][last]; last=last-1;
Heap(1, last);
}
if(ndinh!=n-1) connect=FALSE;
}
void Result(void){
inti;
printf("\n Do dai cay khung nho nhat:%d", minl);
printf("\n Cac canh cua cay khung nho nhat:");
for(i=1; i<n; i++)
printf("\n %5d%5d" ,daut[i], cuoit[i]);
}

void main(void){
Init(); Krusal();Result(); getch();
}

5.4.2. Thuat toan Prim
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Thuat toan Kruskal 1am viéc kém hi¢u qua ddi véi nhitng dd thi ¢6 sb canh khoang
m=n(n-1)/2. Trong nhiing tinh huéng nhu vay, thuat toan Prim t6 ra hiéu qua hon.

a) Mo ta thuat toan

Thuat toan Prim con dugc mang tén la nguoi lang giéng gan nhat. Trong thuét
toan ndy, bat dau tai mot dinh tuy y s ctia do thi, ndi s véi dinh y sao cho trong so canh
c[s, y] 1a nho nhét. Tiép theo, tir dinh s hodc y tim canh c6 d6 dai nho nhét, diéu nay dan
dén dinh thr ba z va ta thu duogc cay by phan gém 3 dinh 2 canh. Qua trinh duoc tiép tuc
cho t61 khi ta nhan duoc cay gém n-1 canh, d6 chinh la cay bao trum nho nhét can tim.
Thuat toan Prim dugc mé ta trong Hinh 5.6.

Thuit toan PRIM (s):
Begin:
Budc 1 (Khoi tao):
Vi = {s}; //Téap dinh cdy khung thiét 1ap ban dau las
V =V\{s}; //Tap dinh V dugc bot di s
T = &; //Tap canh ciy khung thiét 1ap ban dau 1a &
d(H) = 0; /Do dai cay khung duoc thiét 1ap 12 0
Budc 2 (Lap ):
while (V= &) do {
e = <u, v>: canh c6 d0 dai nho nhat thoa min ueV, veVy;
d(H) = d(H) + d(e); // Thiét 1ap d6 dai cAy khung nho nhat
T=Tu {e}; //Két nap e vao cy khung
V =V \{u}; // Tap dinh V bét di dinh u
Vy = Vyu{u}; // Tap dinh V thém vao dinh u

endwhile;
Buéc 3 (Tra lai két qua):
if (JT|<n-1) then <5 thi khong lién théng>;
else Return( T, d(H));
End.

Hinh 5.6. Thuat toan PRIM xay dung cAy khung nho nhat.
b) Kiém nghiém thuit toan
Gia sur ta can kiém nghiém thuat toan cho dd thi trong s6 Muc 5.4.1. Khi d6 cac

budc thye hién theo thuat toan PRIM nhu trong Bang duéi day.
Budc khoi tao: T =¢; D(T)=0; V = 2,3,4,5,6,7,8,9,10,11,12,13; V|, =1
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e=(v,1)| Viv="? Vi Lv=? T, D(T)

veV, teVr

c6 d6 dai

nho nhét

(1,3) 2,456,7891011,1213 [1,3 T=Tu(1,3)
D(T)=0+1

(1,2) 4,5,6,7,8,9,10,11,12,13 1,23 T=Tu(1,2)
D(T) = 1+2=3

(1,4) 5,6,7,8,9,10,11,12,13 1,2,34 T=Tu(1,4)
D(T) = 3+3=6

(2,6) 5,7,8,9,10,11,12,13 1,2,3,4,6 T =Tu(2,6)
D(T) = 6+5=11

(2,7) 5,8,9,10,11,12,13 1,2,3,4,6,7 T=Tu(2,7)
D(T) = 11+5=16

(4,5) 8,9,10,11,12,13 1,2,34,5,6,7 T =Tu(4,5)
D(T) = 16+5=21

(5,10) 8,9,11,12,13 1,2,3,4,5,6,7,10 T = TU(5,10)
D(T) = 21+6=27

(6,8) 9,11,12,13 1,2,3,4,5,6,7,8,10 T =Tu(6,8)
D(T) = 27+6=33

(6,9) 11,12,13 1,2,3,4,5,6,7,8,9,10 T=Tu(6,9)
D(T) = 33+6=39

(8,12) 11,13 1,2,3,4,5,6,7,8,9,10,12 T =Tu(8,12)
D(T) = 39+7=46

(8,13) 11 1,2,3,4,5,6,7,8,9,10,12,13 T =Tu(8,13)
D(T) = 46+7=53

(9,11) b 1,2,3,4,5,6,7,89,10,12,13,11 | T=Tu(9,11)
D(T) = 53+7=60

V = ¢ : két thuc budc lap

Két qua: T = { (1,3), (1,2), (1,4), (2,6), 2,7), (4,5), (5,10), (6,8),(6,9), (8,12), (8,13), (9,11) }

D(T) =

1+2+3+5+5+5+6+6+6+7+7+7 =60
¢) Cai dat thuat toan

Chuong trinh tim cdy khung nho nhét theo thuit toan PRIM cho d6 thi biéu dién

dudi dang danh sach trong s6 dugc thé hién dudi day voi cac thu tuc:

e Thu tuc Init(): doc dit liéu biéu dién bang danh sach trong sb.
e Thu tuc Prim: Thuét toan PRIM x4y dung cdy khung nho nhét.
e Thu tuc Result() : dua ra tip canh va do dai nho nhét cia ciy khung.

Chuong trinh cai dat thuat toan Prim tim cdy bao trum nhé nhét duoc thuc hién

nhu sau:
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#include <stdio.h>
#include <conio.h>
#define TRUE 1
#define FALSE 0
#define MAX 10000
int a[100][100];
int n,m, i,sc,w;
int chuaxet[100];
int cbt[100][3];
FILE *f;
void Init (void){
int p,i,j,k;
for(i=1; i<=n; i++)
for(j=1; j<=n;j++)
a[i]0]=0;
f=fopen(*'baotrum.in","r");
fscanf(f,"%d%d",&n,&m);
printf("\n So dinh: %3d ",n);
printf("\n So canh: %3d", m);
printf("\n Danh sach canh:");
for(p=1; p<=m; p++){
fscanf(f,"%d%d%d", &i,&j,&K);
printf("\n %3d%3d%3d", i, j, k);
} a[illi1=k; a[j1[i1=k;

for (i=1; i<=n; i++){
printf("\n");
for j=1; j<=n; j++){
if (i'=j && a[i][j]==0)
a[i]iI=MAX;
printf("%7d",a[i]1[j]);
}
}
fclose(f);getch();
}

void Result(void){
for(i=1;i<=sc; i++)

printf("\n %3d%3d", cbt[i][1], cbt[i][2]);

}
void PRIM(void){

int i,j,k,top,min,l,t,u;
int s[100];
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sc=0;w=0;u=1,;

for(i=1; i<=n; i++)
chuaxet[i]=TRUE;

top=1;s[top]=u;

chuaxet[u]=FALSE;

while (sc<n-1) {

min=MAX;
for (i=1; i<=top; i++){
t=s[i];

for(j=1; j<=n; j++X{
if (chuaxet[j] && min>a[t][j]){

min=a[t][j];
k=t;l=j;

}
} |
sc++;w=w+min;
cbt[sc][1]=k;cbt[sc][2]=I;
chuaxet[I]=FALSE;a[k][I]=MAX;
a[l][K]=MAX;top++;s[top]=I;
printf("\n");
}
}
void main(void){
Init(); PRIM();Result();
}

5.5. Nhirng ndi dung can ghi nhé
v/ Cay la do thi vo hudéng lién thong khong c6 chu trinh. Do vay, moi do thi vo
hudng 1ién thong déu c6 it nhat mét cdy khung cua no.

v" Hiéu cach biéu dién va cai dat dugc cac loai cay: ciy nhi phan tim kiém, ciy quyét
dinh, cdy ma tién t6 va cdy ma Huffman.

v' Nam vitng phuong phap xay dung cay khung ctia d6 thi bang hai thuat toan duyét
theo chicu rong va duyét theo chiéu sau.

v' Hiéu va cai dat duoc cac thuat toan Kruskal va Prim tim cay bao trum nho nhat.
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BAI TAP

1. Cho dd thi v6 huéng duoc biéu dién dudi

R 0 1111 0 O OO OOTUO0OTDO
dang ma tran ké nhu Hinh bén phai. Hdy|1 0 1 1 0 o0 o0 0 0 0 0 0 O
thuc hién: 1101 00 0O0O0O0O0O0TO
a) Trinh bay thuat toan xdy dyng moét{1 1 1 0 0 0 0 0 0 0 0 0 O
cay khung cua do6 thi bat dau tai dinh|{12 0 0 0 0 1 1 1 1 0 0 0 O
ueV dua vao thuat toan BFS(u)? 6000101010000
b) Ki; ‘A A . </0 0 0 0 21 01 0 1 0 0 O
ém nghiém thuat toan BFS(u) bat 5 00010101000 0

dau tai dinh u=1? Chi rd két qua trung
. X- . ‘A , ~1/0 0 0 0 1 1 01 0 O O 0 O
gian theo moéi bude thyc hién cua thuat 5 000001000111
toanzx A o, ./0 0 0 O0O0O0OOUOTU 0?10 1 1
¢) Kiém nghiém thuat toan BFS(u) bat| 5 o 9 0 0 0 0 0 0 1 1 0 1
dau tai dinh u=7? Chi ro ket qLIé trung 0O 0000 OO 0 0 1 1 1 0

gian theo moéi bude thuc hién cua thuat

toan.

2. Cho dé thi vO hu:é’ng dlIQC biéu dién dudi 0 1 1 11 0 0 O O O O O O
dang ma tran ké nhu Hinh bén phai. Hady|1 0 1 1 o0 o0 0 0 0 0 0 0 ©
thuc hién: 1101 00 000 O0O0O0TO
a) Trinh bay thuat todn xdy dung mét|1 1 1 0 0 0 0 0 0 0 0 0 O
cay khung cua d6 thi bat dau tai dinh|1 0 0 0 0 1 1 1 1 0 0 0 0
ueV dua vao thuat toan DFS(u)? 6000101010000
A ‘A A . /0 0 0 021 01 0 1 0 00O

b) Kiém nghiém thuat toan DFS(u) bat
dau tai dinh u=1? Chi & két qua trung [0 © 0 0 1 0 1 0 10000
. X. ,  n ) ~10 0 0 O 1 1 0 1 0 0 0 0 O
gian theo moéi budc thuc hién cua thuat o 000001000111
toan. . o ,|l0 000000001011
¢) Kiém nghiém thuét todn DFS(u) bat| 5 o 9 0 0 0 0 0 0 1 1 0 1
dau tE_li dinh u=7? Chi ro keét qué trung 0O 0 00O OO 0O 0 1 1 1 0

gian theo mdi budc thuc hién cia thuat
toan.

3. Cho db thi v huéng dugc biéu dién dudi dang danh sach ké nhu dudi day
Ke(1)={2,3,4,5}. Ke(5)={1,6,7,8,9} Ke(9)={56,8}

Ke(2)={1,3,4} Ke(6)={5,7,9}. Ke(10) ={ 7, 11, 12, 13 }.
Ke(3)={1,24} Ke(7)={5,6,8 10}  Ke(1l)={10,12 13}.
Ke@)={123} Ke8) ={5,7,9} Ke(12) = { 10, 11, 13 }.

Ke(13) ={ 10, 11, 12 }.
Hay thyuc hién:
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a) Trinh bay thuat toan xay dung cdy khung cua do thi bat dau tai dinh u
dua vao thuat toan DFS?
b) Xay dung cay khung ctia d thi bit dau tai dinh u=3? Chi 5 két qua theo
mdi buoc thuc hién cua thuit toan?
¢) Viét chuong trinh xay dung cdy khung ctia d6 thi bat dau tai dinh ueV?
4. Cho d6 thi v huéng duoc biéu dién dudi dang danh sach ké nhu dudi day
Ke(1)={2,3,4,5} Ke5)={1,6,7,8,9} Ke)={5,6,8}.

Ke(2)={1,3,4} Ke(6)={5,7,9}. Ke(10) ={ 7, 11, 12, 13 }.
Ke(3)={1,2 4} Ke(7)={5,6,8,10}.  Ke(ll)={ 10,12, 13}.
Ke(4)={1,2,3}. Ke(8)={5,7,9} Ke(12) ={ 10, 11, 13 }.

Ke(13) ={ 10, 11,12 }.
Hay thuc hién:
a) Trinh bay thuat toan xay dung cdy khung ciia do thi bat dau tai dinh u
dua vao thuat toan DFS?
b) Xay dung cay khung ctia do thi bat dau tai dinh u=3? Chi rd két qua theo
mdi buoc thuc hién cta thuat toan?
¢) Viét chuong trinh xay dung cAy khung ciia d6 thi bat dau tai dinh ueV?

X N . . £ 2 1 3
5. Cho d6 thi vO hudng cé trong s6 G °; ) * : : oo e
=<V,E> dugc biéu dién dudi dang ma tran N o oremee
£ S ~ , . -~ cA 1 2 o 4 o 5 oo o o o o o ©
trong s6 nhu hinh bén phai. Hay thyc hién:

: . . A i ST 3 o 4 o 5 5 o o o o o o o

a) Trinh bay thuat toan Prim tim cay
, A © N R ; d o o o 5 o 6 o o o 6 ©w ©» ©®
khung nho nhat trén d6 thi vO huéngcd |, 5 5 5 6 o 6 6 6 6 o « o
tr(.)n,g $0? o 5 o o o 6 o 6 o o © © ©®
b) Ap dung thuit toan, tim cdy khung |« © © o o 6 6 o 7 w o 7 7
nhé nhat tai dinh s6 1 ctia dothiG,chi |©o © © © © 6 o 7 o 7 7 o o
0 két qua theo tirng budce thyc hiéncia |© © © © 6 6 o o 7 o 7 7 o
thuat toan? © © w o o o o w [ T o 8 w
¢) Viét chuong trinh tim cdy khung nho |[® » = @ ® «© o 7 « 7 8 « 8
nhat cta do thi bang thuat toan PRIM? © © © © @ @ o 7 o o o 8 o

A ooa . . % 2 1 3
6. Cho d6 thi vO hudng céd trong s6 G °2° , * °§ °§ e e
=<V,E> duogc biéu dién dudi dang ma tran N ©r I
Z DN R ). - n 1 2 oo 4 o 5 o o o © o o ©
trong s6 nhu hinh bén phai. Hay thuc hién:

: . . . i . R 3 o 4 o 5 5 o o© © o o © ©

a) Trinh bay thuat toan Kruskal tim cay
g z A x . ; ) w o o 5 o 6 o o o 6 o w ©
khung nho nhat trén do thi vo huéngco |, 5 5 5 6 » 6 6 6 6 o = «
trQng $0? ©w 5 o o o 6 o 6 o o o © ©
b) Ap dung thuat todn, tim cdy khung | « © o © 6 6 w© 7 o o 7 7
nhé nhat cia do6 thi G, chi O két qud | © © © © 6 o 7 o 7 7 o
theo tung budc thuc hién ctia thudt |© o © o 6 6 o o 7 o 7 7 o
toan? © ® w o w o o ow [ T o 8 w
¢) Viét chuong trinh tim cdy khung nho |» @ © @ «© @ «© 7 « 7 8 o 8
nhat ctia do thi bang thuat toan Kruskal? |® @ © ® @ «© o 7 o «© © 8 o
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CHUONG 6. BAI TOAN TiM DPUONG DI NGAN NHAT

Trong chuwong nay chiing ta s& dé cap dén bai toan tim dudng di ngan nhat trén do
thi. Pay 1a mot trong nhitng bai toan co ¥ nghia vé 1y thuyét va thyc té. Ban doc ¢ thé
tim hiéu thém vé phuong phap chimg minh tinh dung din ciing nhu do phirc tap cia cac
thuat toan thong qua tai liéu [1, 2].

6.1. Phat biéu bai toan

Xét d6 thi G=<V, E>; trong d6 | V| =n, | E | = m. V&i mdi canh (u, v)<E, ta dat
tuong Gng voi ndé mot sb thuc A[u][v] dugc goi 1a trong sd cta canh. Ta s& dat A[u,v]=co
néu (u, v)¢E. Néu ddy vo, vy, . . ., Vi 1a mot duong di trén G thi >.° Alv, ,,v,] dugc goi
la d¢ dai cua duong di.

Bai toan tim dudng di ngin nhat trén d6 thi dudi dang tong quét c6 thé dugc phat
biéu du’(’)i dang sau: tim dudng di ngan nhat tir mot dinh xuat phat s eV (dinh ngudn) dén
dinh cubi teV (dinh dich). Pudng di nhu vay dugc goi la duong di ngan nhét tir s dén t,
do dai cua duong di d(s,t) duge goi la khoang cach ngan nhat tir s dén t (trong truong hop
téng quat d(s,t) c6 thé am). Néu nhu khong ton tai dudng di tir s dén t thi do dai duong di
d(s,t)=co. Dudi day 1a mot sd thé hién cu thé cia bai toan.

Truomg hop 1. Néu s ¢ dinh va t thay doi, khi d6 bai toan dugc phat biéu dudi
dang tim dudng di ngan nhat tir s dén tat ca cac dinh con lai trén d6 thi. D6i véi dd thi c6
trong s6 khong am, bai toan ludn co 10i giai bang thuat toan Dijkstra. Dbi voi d6 thi c6
trong s6 am nhung khong ton tai chu trinh 4m, bai toan c6 10i giai bang thuat toan
Bellman-Ford. Trong trudong hop do thi ¢6 chu trinh 4m, bai toan khong c6 10i giai.

Truwong hop 2. Néu s thay d6i va t ciing thay d6i, khi d6 bai toan dugc phét biéu
du6i dang tim duong di ngin nhat giira tt ca cac cip dinh cta d6 thi. Bai toan ludn c6 1oi
giai trén do thi khong c6 chu trinh 4m. D4i v6i d6 thi ¢ trong sd khong am, bai toan
duoc giai quyét bang cach thuc hién 13p lai n 1an thuat toan Dijkstra. D6i v6i d6 thi khong
c¢6 chu trinh 4m, bai toan co thé giai quyét bang thuat toan Floyed.

Céc thuit toan cu thé giai quyét bai toan tim duong di ngin nhit dugc thuc hién
nhu dudi day.
6.2. Thuat toan Dijkstra

Thuat toan tim duong di ngan nhat tir dinh s dén cac dinh con lai duoc Dijkstra dé
nghi &p dung cho truong hop do thi c6 hudng vai trong s6 khong am. Thuat todn duogc

thuc hién trén co s& gan tam thoi cho cac dinh. Nhan ctia méi dinh cho biét can trén cla
do dai duong di ngan nhat tdi dinh do. Cac nhan nay s€ dugc bién doi (tinh lai) nho mdt
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thu tuc ldp, ma & mdi budce lip mot sb dinh s& c6 nhén khong thay ddi, nhan d6 chinh 1a
do dai duong di ngan nhat tir s dén dinh do.

6.2.1. M6 ta thuat toan

Thuat toan Dijkstra tim duong di ngén nhit tir s dén tit ca cac dinh con lai ctia d6
thi dugc mo ta chi tiét trong Hinh 6.1.

Thuét toan Dijkstra (s): //se V 13 mot dinh bat ky cia G = <V,E>
Begin
Budc 1 (Khoi tao):
d[s]=0; //Gan nhan cua dinh s la 0
T =V\{s}; Il T la tap dinh c6 nhan tam thoi
for each ve V do {//Su dung s gan nhan cho cac dinh con lai
d[v] = A[s,v];
truoc[v]=s;
endfor;
Budc 2 (Lap):
while (T &) do {
Tim dinh ueT sao cho d[u] = min { d[z] | zeT};
T=T\{u}; //cé dinh nhdn dinh u
for each ve T do { //Str dung u, gan nhan lai cho cac dinh
if (d[v]>d[u] + A[u, v]) then {
d[v] = d[u] + A[u, v]; /Gén lai nhan cho dinh v;
truoc[v] = u;
endif;
endfor;
endwhlie;
Budre 3 (Tra lai két qua):
Return (d[s], truoc]s]);
End.

Hinh 6.1. Thuat toan Dijkstra.
6.2.2. Kiém nghiém thuit toan

Pau vao cua thuit toan :
d(uyv) if (uv)eE

- Ma tran trong sb khéng am Au,v] = .
if (u,v)gE

- s 1a dinh bat ky cuia d6 thi.
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Vi duy ta can kiém nghiém thuat toan cho d thi duoc biéu dién dudi dang ma tran
trong s6 dudi day. Khi do, cac budc thuc hién theo thuat toan Dijkstra tai dinh s =1 dugc
thé hién nhu Bang 6.1.

8§ 8 8 88 888 8 N8 28 8

8 88 88 8888888 ™

8 w
2 o
w 6
0
1 7
© o
© o
0 ®
0 o0
0 o0
© o
© o
0 o0

8§ 8 8 N8 88 88 88 8

8§ 8 8 o8 8 N8 8 8 ©8 8
8§ 8 8 88 888 88 +~wo38§

0
o w0
o
0
0
9 8
2 «©
o 9
0 0
0
w 6
o o
0

8§ 8 N8 8 8 8 88 8 8 8
~8 8 88 88888 88 8

8§ 8 8 8 ©on8 8 88 88 8

8§ M8 8 ©8 8 8 8 8 8 8 8

Bang 6.1. Cac budc thyc hién thuat toan Dijkstra tai s =1

Budc | Pinh1 | Pinh2 | Pinh3 | Pinh4 | Binh5 | Pinh6 | Pinh7 | Pinh8 | Pinh9 | Pinh | Pinh11 | Dinh | Dinh 13
10 12
1 <0,1> <2,1> <8,1> | <w0,1> | <:0,1> | <o,1> | <w©,1> | <wn,1> | <wn,1> | <wn,l1> <o0,1> <o0,1> <o0,1>
2 * <2,1> <4,2> <0,1> | <o0,1> | <w0,1> | <11,2> | <0,1> | <w,1> | <wn,1> <m0,1> <00,1> <00,1>
3 * * <4,2> | <10,3> | <wo,1> | <12,3> | <5,3> <0,1> | <o0,1> | <oo,1> <o0,1> <o0,1> <o0,1>
4 * * * <10,3> | <o0,1> | <7,7> | <53> | <7,7> | <w,1> | <o0,1> <o0,1> <wo,1> <w0,1>
5 * * * <10,3> | <8,6> | <7,7> * <7,7> | <15,6> | <ow0,1> <o0,1> <00,1> <w0,1>
6 * * * <10,3> | <8,6> * * <7,7> | <15,6> | <o0,1> <o0,1> <9,8> <o0,1>
7 * * * <10,3> | <8,6> * * * <15,6> | <owo,1> <o,1> <9,8> <o0,1>
8 * * * <10,3> * * * * <15,6> | <oo,1> <o0,1> <9,8> | <11,12>
9 * * * <10,3> * * * * <15,6> | <oo,1> <o0,1> * <11,12>
10 * * * * * * * * <15,6> | <oo0,1> | <18,13> * <11,12>
11 * * * * * * * * <15,6> | <21,9> | <18,13> * *
12 * * * * * * * * * <21,9> | <18,13> * *
13 * * * * * * * * * <21,9> * * *
Két qua :

Puong di ngan nhit tir dinh 1 dén dinh 2: 2. Puong di: 1-2.
DPuong di ngin nhit tir dinh 1 dén dinh 3: 4. Puong di: 1-2-3.
Puong di ngan nhat tir dinh 1 dén dinh 4: 10. Puong di: 1-2-3-10.
Puong di ngan nhét tir dinh 1 d&én dinh 5: 8. Puong di: 1-2-3-7-6-5.
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Puong di ngan nhat tir dinh 1 dén dinh 6: 7. Pudng di: 1-2-3-7-6.

DPuong di ngin nhit tir dinh 1 dén dinh 7: 5. Puong di: 1-2-3-7.

DPuong di ngin nhit tir dinh 1 dén dinh 8: 7. Puong di: 1-2-3-7-8.

Puong di ngan nhat tir dinh 1 dén dinh 9: 15. Puong di: 1-2-3-7-6-9.

Puong di ngan nhét tir dinh 1 dén dinh 10: 21. Puong di: 1-2-3-7-6-9-10.

Puong di ngin nhit tir dinh 1 dén dinh 11: 18. Puong di: 1-2-3-7-8-12-13-11.

DPuong di ngin nhit tir dinh 1 dén dinh 12: 18. Puong di: 1-2-3-7-8-12.

Puong di ngan nhat tir dinh 1 dén dinh 13: 11. Puong di: 1-2-3-7-8-12-13.
6.2.3. Cai dit thuit toan

Chuong trinh cai dét thuat toan Dijkstra tim duong di ngan nhat tr mot dinh dén
tat ca cac dinh khac ctia do thi c6 huéng véi trong s6 khong am duge thuc hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 50
#define TRUE 1
#define FALSE 0
intn,s,t;
char chon;
int truoc[MAX], d[MAX], CP[MAX][MAX];
int  final[MAX];
void Init(void){
FILE * fp;int 1, j;
fp = fopen(“ijkl.in”,"’r”);
fscanf(fp,”%d”, &n);
printf(‘“\n So dinh :%d”",n);
printf(“\n Ma tran khoang cach:”);
for(i=1; i<=n;i++){
printf(“\n”);
for(j=1; j<=n;j++){
fscanf(fp, “%d”, &CP[i][j]),
printf(“%3d”,CP[i][j]),
If(CP[i][j]==0) CP[i][j]=32000;
}
}
fclose(fp);
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void Result(void){
inti,j;
printf(“\n Duong di ngan nhat tu %d den %d la\n”, s,1);
printf(“%d<=",t);
iI=truoc[t];
while(i!=s){
printf(“%d<=",i);
i=truoc[i];
}
printf(“%d”,s);
printf(“\n Do dai duong di la:%d”, d[t]);
getch();
}
void Dijkstra(void){
intv, u, minp;
printf(“\n Tim duong di tu s=");scanf(“%d ", &s);
printf(*“  den “);scanf(“%d”, &t);
for(v=1; v<=n; v++){
d[v]=CP[s][VI];
truoc[v]=s;
final[v]=FALSE;
}
truoc[s]=0; d[s]=0;final[s]=TRUE;
while(final[t]) {
minp=2000;
for(v=1; v<=n; v++){
if((ffinal[v]) && (minp>d[v]) ¥
u=v;
minp=d[v];
}
}
final[u]=TRUE;// u- la dinh co nhan tam thoi nho nhat
if('final[t]){
for(v=1; v<=n; v++){
if (Yfinal[v]) && (d[u]+ CP[u][v]l< d[V])X
d[vl=d[u]+CP[u][Vv];
truoc[v]=u;
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void main(void){
clrscr(); Init(); Dijkstra();
Result(); getch();

}
6.3.Thuét toan Bellman-Ford

Thuat toan Bellman-Ford dung dé tim duong di ngan nhat trén d6 thi khong c6 chu
trinh &m. Do vay, trude khi thuc hién thuat toan Bellman-Ford ta can ki€m tra d6 thi c6
chu trinh am hay khong. Trong truong hop do thi ¢6 chu trinh am, bai todn s€ khong co
lo1 giai.
6.3.1. M6 ta thuat toan

Thuét toan dugc thyc hién theo k =n - 2 vong lap (n 1a sb dinh cta d6 thi) chi tiét
trong Hinh 6.2.

Thuét toan Bellman-Ford (5): //se V la dinh bt ky ciia do thi
Begin:
Buée 1 (Khoi tao):
for veV do { /ISt dung s gan nhan cho cac dinh veV
DIv] = A[s][vI;

Truoc[v] =s;
}
Buwdc 2 (Lap) :
D[s] = 0; K=1;

while (K<=N-2) { //IN-2 vong lap
for ve V\{s} do { //Ldy méi dinh v eV\s
for ueV do { //Gan nhén cho v
if (D[v] > D[u] + Au][v]) {
D[v]= D[u] + A[u][VI;
Truoc[v] = u;
endif;
endfor;
endfor;
endwlie;
Buée 3 (Tra lai két qua):
Return( D[v], Truoc|v]: veU);
End.

Hinh 6.2. Thuat toan Bellman-Ford.
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6.3.2. Kiém nghiém thuit toan

Vi du ta can kiém nghi¢m thuat toan Bellman-Ford cho dd thi dugc biéu dién dudi
dang ma tran trong so sau:

o0

>

Il
8 8 8 8 8
8 8 8 8 F
oo W

a1

o0
3 3
o 1 -
2 o
o 4

8 8

Khi do, két qua thuc hién theo thuat toan ta dugc két qua sau:
Vong lap K=1:
v=2;D[2] =1
D[1]+ A1, 2] =0+1 (Khong nhé hon 1)
D[2] + A[2,2] =1+ o>1
D[3] + A[3, 2] = w0 + w0>1
D[4] + A[4, 2] = 0 + 0>1
D[5] + A[5, 2] = w0 + 0>1
v=3; D[3] =
D[1] + A[1,3] =0+
D[2] + A[2, 3] =1 + 3 =4<w (Thay D[3] = 4, Truoc[3] = 2)
D[3] + A[3,3] =4 +0>4
D[4] + A[4,3] = +2>4
D[5] + A[5, 3] = o0 + >4

v=4; D[4] =
D[1] + A[1,4] = 0+
D[2] + A[2,4] =1 + 3 = 4<co (Thay D[4] = 4, Truoc[4] = 2)
D[3] + A[3,4] =4 + 1=5>4
D[4] + A[4,4] =4+ 0 >4
D[5] + A[5,4] =0 +4>4
v=5; D[5] =3
D[1] + A[1,5] = 0+3 (Khong nhé hon 3)
D[2] + A[2,5]=1+8=9>3
D[3] + A[3, 5] =4 -5=-1<3 (Thay DJ[5] = -1, Truoc[5] =3)
D[4] + A[4,5] =4+ 0 >-1
D[5] + A[5,5] =-1 + oo>-1
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Vong lap K=2:
v=2;D[2] =1
D[1]+ A[1, 2] = 0+1 (Khong nho hon 1)
D[2] + A[2,2] =1+ o>1
D[3]+A[3,2] =4+ xo>1
D[4] + A[4,2] =4+ 0o>1
D[5] + A[5,2] =-1+ >1
v=3;D[3]=4
D[1] + A[1, 3] = 0+x>4
D[2] + A[2, 3] = 1 + 3 =4 (Khong nho hon 4)
D[3] +A[3,3] =4+ >4
D[4] + A[4,3]=4+2>4
D[5] + A[5, 3] =-1 +o0>4
v=4;D[4] =4
D[1] + A[1, 4] = 0+o>4
D[2] + A[2, 4] = 1 + 3 =4 (Khong nho hon 4)
D[3] +A[3,4] =4 +1>4
D[4] + A[4,4] =4 + 0>4
D[5] + A[5, 4] =-1 + 4=3< 4 (Thay D[4] =5, Truoc[4] =5
v=5; D[5] =-1
D[1] + A[1, 5] = 0+00>-1
D[2] + A[2,5]=1+3=-1
D[3] +A[3,5]=4+1>-1
D[4] + A[4,5] =3 + c0>-1
D[5] + A[5,5] =-1 + o0>-1

Vong lap K=3:

v=2;D[2] =1
D[1]+ A[1, 2] = 0+1 (Khong nho hon 1)
D[2] + A[2,2] =1+ >1
D[3] + A[3,2] =4 + o>1
D[4] + A[4,2] =3+ xo>1
D[5] + A[5,2] =-1+ wo>1

v=3; D[3] =4
D[1] + A[1, 3] = 0+x>4
D[2] + A[2, 3] =1 + 3 =4 (Khong nho hon 4)
D[3] + A[3,3] =4+ >4
D[4] + A[4,3]=3+2>4
D[5] + A[5, 3] =-1 + 0>4

v=4; D[4] =3
D[1] + A[1, 4] = 0+00>3
D[2] + A[2,4]=1+3=3
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D[3] +A[3,4]=4+1>3
D[4] + A[4, 4] =3 + ©>3
D[5] + A[5, 4] = -1 + 4=3(Khong nho hon 3)

v=5; D[5] =-1
D[1] + A[1, 5] = 0+o>-1
D[2] + A[2,5]=1+3=-1
D[3]+A[3,5]=4+1>-1
D[4] + A[4,5] =3 + wo>-1

D[5] + A[5,5] =-1 + o>-1

Két qua cudi cung ta nhan duoc Bang 6.2 dudi day.

Bang 6.2. Két qua kiém nghiém theo thuat toan Bellman-Ford

K=? D[1], Truoc[1] | D[2], Truoc[2] | D[3], Truoc[3] | D[4], Truoc[4] | D[5], Truoc[5]
<0,1> <1,1> <o0,1> <c0,1> <3,1>
1 <0,1> <1,1> <4,2> <4,2> <-1,3>
2 <0,1> <1,1> <4,2> <3,5> <-1,3>
3 <0,1> <1,1> <4,2> <3,5> <-1,3>

6.3.3. Cai dit thuat tosn

sau:

Chuong trinh cai dat thuat toan Bellman-Ford tim duong di ngan nhét tir mot dinh
dén tat ca cac dinh khac cta do thi c6 hudng, khdéng co6 chu trinh &m dwoc thuc hién nhu

#include <iostream.h>

#include <stdlib.h>

#include <stdio.h>

#include <conio.h>

#define MAX 100

#define MAXC 10000

int C[MAX] [MAX]; //Ma tran trong so bieu dien do thi
int D[MAX]; //Do dai duong di

int Trace[MAX]; //Luu lai vet duong di

int n, m, S, F; // n:So dinh; S: Dinh bat dau; F:
Dinh ket thuc

FILE *fp;

void Read Data (void) {

int

for (u=1;

i, u, v;fp fopen ("dothi.in","xr");
fscanf (fp, "sd%sdsdsd", &n, &m, &S, &F) ;
; u<=n; u+t+)
for (v=1; v<=n; v++)

115



if (u==v) Clu] [v]=0;
else Clu] [Vv]=MAXC;
for (i=1; i<=m; i++)
fscanf (fp, "$d%d%d", &u, &v, &C[u] [V]) ;
fclose (fp);
}
void Init (void) {
int i;
for( i=1; i<=n; 1i++){
D[i] = C[S][i];
Trace[1]=S;
}
}
void Result (void) {
if (D[F]==MAXC) printf ("\n Khong co duong di");
else {
printf ("\n Do dai %d den %d: %d", S, F, DI[F]);
while (F!=S ) {
printf ("%d <--",F);
F = Tracel[F];

}
}
void Ford Bellman (void) {
int k, u, v;D[S]=0;
for( k=1; k<=n-2; k++){
for (v=1; v<=n; v++) {
// 1if (v!=S ){
for( u=1l; u<=n; u++) {
if (D[v]>D[ul+Clu][Vv]) {
D[v] = D[u]l+C[u][v];
Trace[u]=v;

/7 0}

}
}
int main ()
{
Read Data();Init();
Ford Bellman(); Result();
system ("PAUSE") ;
return 0;
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}
6.4.Thuat toan Floy

Dé tim dudng di ngin nhét giita tit ca cic cip dinh cua d6 thi, ching ta c6 thé sir
dung n lan thuét toan Ford_Bellman hoic Dijkstra (trong trudng hop trong sé khong am).
Tuy nhién, trong ca hai thuat toan duoc st dung déu c6 do phirc tap tinh toan 16n (chi it 12
O(n*). Trong trudng hop tdng quat, ngudi ta thuong dung thuat toan Floy.

6.4.1. M6 ta thuat toan

Thuat toan Floy duoc mo ta chi tiét trong Hinh 6.3.

Thuét toan Floy:
Begin:
Buée 1 (Khoi tao):
for (i=1; i< n; i++) {
for (j =1; j<n; j++) {
dfi.j] =afi, J;
plijl=1;
¥
}
Budc 2 (13p) :
for (k=1; k< n; k++) {
for (i=1; i< n; i++){
for J =1; j<n; j++) {
if (d[i,j] > d[i, k] + d[k, J]) {
d[i, j] = d[i, kK] + d[k, JI;
p[i.il = pIk, il;

¥
} ,
Bude 3 (Tra lai két qua):
Return (p([i,j], d[i,j]: i, jeV);

Hinh 6.3. Thuét toan Floy.

117



6.4.2. Cai dit thuit tosn

Chuong trinh cai dit thuit toan Foly tim dudng di ngdn nhét gitta tat ca cac cip dinh cta
d6 thi dugc thé hién nhu sau:
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#define MAX 10000
#define TRUE 1
#define FALSE 0
int A[50][50], D[50][50], S[50][50];
intn, u, v, kK;FILE *fp;
void Init(void){
inti, j, k;
fp=fopen(“FLOY.IN”,’r”);
If(fp==NULL){
printf(“\n Khong co file input”);
getch(); return;
}
for(i=1; i<=n; i++)
for(j=1; j<=n; j++)
Al101=0;
fscanf(fp, ” %d%d%d”, &n, &u, &v),
printf(“\n So dinh do thi:%d " ,n);
printf(“\n Di tu dinh:%d den dinh %d:”,u,v);
printf(“\n Ma tran trong so:”);
for(i=1; i<=n; i++){
printf(“\n”);
for(=1; j<=n; j++}{
Sscanf(fp, "%d”, &A[i][j]);
printf(“%5d ", A[i][j]);
if(i'=j && Ali][j]==0)
AlI1[]=MAX;
}
}
fclose(fp);getch();
}
void Result(void){
if(D[u][v]>=MAX) {
printf(“\n Khong co duong di”’);
getch(); return;
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else {

printf(“\n Duong di ngan nhat:%d”, D[u] [v]),
printf(“\n Dinh %3d”, u);

while(ul=v) {
printf(“%3d”,S[u] [V]);
u=S[ullvl;
}
}
}
void Floy(void){
inti, j,k, found;
for(i=1; i<=n; i++){
for(j=1; j<=n;j++){
DIi1LI=ALILI;
it (D[i] D1==MAX) S[i][j]=0;
else S[i1[j]=J;
} }
[* Mang D[i,j] la mang chua cac gia tri khoan cach ngan nhat tu i den j
Mang S la mang chua gia tri phan tu ngay sau cua i tren duong di
ngan nhat tu i->j */
for (k=1; k<=n; k++){
for (I=1; i<=n; i++){
for j=1; j<=n; j++{
if (D[] [K]!'=MAX && DI[i][[]>(D[i][k]+DIK][1) X
/I Tim D[i,j] nho nhat co the co
D[] [1=D[i] [K]+DIKI0I;
S[TG1=SIT K
/lung voi no la gia tri cua phan tu ngay sau i
}
}
}
}
}

void main(void){
clrscr(); Init();
Floy();Result();
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6.5. Nhirng ndi dung cin ghi nhé

v/ Hiéu bai toan tim dudng di ngin nhét va cac dang cu thé cua bai toan.

v' Hiéu thuat toan, kiém nghiém thuat toan va cai dat duoc thuat toan Dijkstra.

v/ Hiéu thuat toan, kiém nghiém thuat todn va cai dat dugc thuat toan Bellman-Ford.
v' Hiéu thuat toan, kiém nghiém thuat toan va cai dat duoc thuat toan Floy.

120



BAI TAP

1. Cho d6 thi g@)m 7 dinh cho bé1 ma tran trong s6

00 11 65 17 65 65 65
65 00 12 65 65 10 16
65 65 00 13 14 65 19
65 65 65 00 65 65 18
65 65 65 65 00 65 15
65 13 18 65 65 00 10
65 65 65 65 65 65 00

Tim duong di ngan nhét tir dinh 1 dén dinh 7. Yéu cau chi rd nhiing két qua trung gian
trong qua trinh thuc hién thuat toan.

2. Cho Co s¢ dir liéu ghi lai théng tin Yé N Tuyén bay (N<=100) cua mot hang hang
khong. Trong do, thong tin vé moi tuyén bay dugc md ta boi: Diém khoi hanh
(departure), diém dén (destination), khoang cach (lenght). Departure, destination la mot

xau ki ty do dai khong qua 32, khong chira ddu trong & giita, Length 1a mot s6 nho hon
32767.

Ta goi “Hanh trinh bay” tir diém khoi hanh A tdi diém dén B 1a day cac hanh trinh [A,
A ], [As Az, 0] . [A B, v6i A 1a diem dén cua tuyén i nhung lai 1a diém khoi
hanh cua tuyén i +1, n; 1a khoang cach cua tuyén bay thr 1 (1<=i<k). Trong do, khoang
cach cia hanh trinh 13 tong khoang cach cta cac tuyén ma hanh trinh di qua (ny+n,+.
AN).

Cho file dit liéu kiéu text hanhtrinh.in dugc ghi theo ting dong, s6 céac dong trong file dir
litu khéng vuot qua N, trén mdi dong ghi lai théng tin vé mot tuyén bay, trong do
departure, destination, length dugc phan biét voi nhau boi mot hodc vai dau tréng. Hay
tim giai phap dé thoa man nhu cau ciia khach hang di tir A dén B theo mét s6 tinh hudng
sau.

Tim hanh trinh c6 khoang cach bé nhét tir A dén B. In ra man hinh timg diém ma hanh
trinh d3 qua va khoang cach cua hanh trinh. Néu hanh trinh khong ton tai hiy dua ra
thong bao “Hanh trinh khong ton tai”.

Vidu vé Co sé di liéu hanhtrinh.in

New_York Chicago 1000
Chicago Denver 1000
New_York Toronto 800
New_York Denver 1900
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Toronto Calgary 1500

Toronto Los_Angeles 1800

Toronto Chicago 500

Denver Urbana 1000

Denver Houston 1500

Houston Los_Angeles 1500

Denver Los_Angeles 1000

Vé6i diém di : New York, diém dén : Los_Angeles ; chung ta s& c6 két qua

sau:
Hanh trinh ngan nhét:

New_ York to Toronto to Los Angeles; Khoang cach: 2600.

3. Ké tuc thanh cong vdi khbi lap phuong than bi, Rubik sang tao ra dang phang cua tro
choi nay goi la tro choi cac 6 vuong ! than bi. D6 1a mot bang gom 8 6 vudng bang nhau
nhu hinh 1. Ching ta qui dinh trén mdi 6 vudng c6 mot mau khac nhau. Cac mau dugce ki
hiéu boi 8 s6 nguyén twong ing véi tdm mau co ban ciia man hinh EGA, VGA nhu hinh
1. Trang thai cua bang cac mau dugc cho bdi day ki hiéu mau cac 6 dugc viét 1an lugt
theo chiéu kim ddng ho bat dau tir 6 gbc trén bén trai va két thic & 6 goc dudi bén trai. Vi
du: trang thai trong hinh 1 duoc cho béi diy cdc mau tuong tng véi diy sé (1,2, 3,4, 5,
6, 7, 8). Trang thai nay dugc goi la trang thai khoi dau.

Biét rang chi can sir dung 3 phép bién do6i co ban co tén la *A’, ‘B’, “‘C’ dudi day bao
gio ciing chuyén duoc tir trang thai khoi dau vé trang thai bat ky:

‘A’ : d6i chd dong trén xudng dong dudi. Vi du sau phép bién doi A, hinh 1 s& tro
thanh hinh 2:

‘B’ : thyc hién mdt phep hoan vi vong quanh tir trai sang phai trén ting dong. Vi
du sau phép bién doi B hinh 1 s€ trd thanh hinh 3:

‘C’ : quay theo chiéu kim dong hd bén 6 & gitta. Vi du sau phép bién d6i C hinh 1
tr¢ thanh hinh 4:

Hinh 1 Hinh 2 Hinh 3 Hinh 4
L2 |34 8|7 |6 s 4|12 |3 1171214
8 [ [§] 5 T Z 3 4 5 8 7 b6 8 [} 3 5

Cho file dit liéu Input.txt ghi lai 8 s nguyén trén mot dong, mdi sé duoc phan biét
v6i nhau béi mot dau trong ghi lai trang thai dich. Hay tim day cac phép bién doi so ban
de dua trang thai khaoi dau veé trang thai dich sao cho so cac phép bién doi 1a it nhat c6 the
duoc.
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Dit liéu ra dugc ghi lai trong file Output.txt, dong dau tién ghi lai s6 cac phép bién
d6i, nhirg dong tiép theo ghi lai tén cta cac thao tac co ban da thyuc hién, mbi thao tac co
ban duoc viét trén mot dong.

Ban s& duoc thém 20 diém néu st dung bang mau thich hgp ctia man hinh dé mo
ta lai cac phép bién doi trang thai cua tro choi. Vi du véi trang thai dich dudi day sé& cho
ta két qua nhu sau:

Input.txt Output.txt
268 457 31 7

B

C

A

B

C

C

B

4. Cho mot mang thong tin gom N nit. Trong d6, dudng truyén tin hai chiéu tryc tiép tir
nat i dén nat j c6 chi phi truyén thong twong tng 1a mot s6 nguyén A[i,j] = A[j,i], v6i
A[i,j]>=0, i # j. Néu duong truyén tin tir nat i; dén nat i, phai thong qua cac nit iy, . . iy
thi chi phi truyén thong duoc tinh bang tong céac chi phi truyén thong Alis,is], Alizis], . . .
Aliy.1,ik]. Cho trude hai niit i va j. Hay tim mot dudng truyén tin tir nat i dén nat j sao cho
chi phi truyén thong 1a thap nhat.

Dit liéu vao duoc cho bai file TEXT c6 tén INP.NN. Trong d6, dong thir nhit ghi ba sb
N, i, j, dong tha k + 1 ghi k-1 s6 A[k,1], A[k,2], . ., A[k.k-1], 1<=k<=N.

Két qua thong bao ra file TEXT c6 tén OUT.NN. Trong do, dong thir nhat ghi chi phi
truyen thong thap nhat ttr nat 1 dén nat J, dong thir 2 ghi lan luot cac nut trén dudng
truyén tin co chi phi truyén thong thap nhat tir nat i toi nit j.

5. Cho mdt mang thong tin gdm N nut. Trong d6, dudng truyén tin hai chiéu truc tiép tir
nat i dén nat j co chi phi truyén thong tuong 1’mg 12 mot s6 nguyén A[ij] = A[j.i], véi
Ali,j]>=0, i = j. Néu duong truyén tin tir nit iy dén nuat iy phdi thong qua cdc nlt iy, . . ik1
thi chi phi truyen thong dugc tinh bang tong céc chi phi truyen thong Aliy,ip], Alizlg], -
Allik.1,1]. Biét rang, giita hai nut bat ky cia mang thong tin déu ton tai it nhat mot du:ong
truyen tin.

Pé tiét kiém duong truyén, ngudi ta tim cach loai bé di mot s dudong truyén tin ma van
dam bdo dugc tinh lién thong ciia mang. Hay tim mot phuong an loai bo di nhirng duong
truyén tin, sao cho ta nhan dugc mdt mang li€n thong c6 chi phi toi thi€éu nhat co thé
duoc.
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Dit lidu vao dugc cho bai file TEXT c¢6 tén INP.NN. Trong d6, dong thir nhat ghi so N,
dong thtr k + 1 ghi k-1 s0 A[k,1], A[k,2], . ., A[k,k-1], 1<=k<=N.

Két qua théng bao ra file TEXT c6 tén OUT.NN trong d6 dong thir nhit ghi chi phi
truyén thong nho nhat trong toan mang. Tur dong thir 2 ghi lan lugt cac nut trén duong
truyén tin, moi duong truyén ghi trén mot dong.

5. Cho dd thi ¢6 hudng co trong s6 dugc biéu dién dudi dang ma tran trong s6 nhu dudi
day. Hay thuc hién:

a) Trinh bay thuat toan Dijkstra tim duong di ngan nhat tir dinh seV dén cac dinh
con lai cua do thi?

b) Tim dudng di ngin nhit tir dinh 1 dén tt ca cac dinh con lai cia d thi? Chi rd
két qua theo ma1 budce thuc hién cua thuat toan?

¢) Tim dudng di ngin nhét tir dinh 5 dén tat ca cac dinh con lai ciia d6 thi? Chi 6
két qua theo moi budc thuc hién cia thuat toan?

d) Viét chuwong trinh tim dudng di ngin nhit tir dinh s dén tit ca cac dinh con lai
cua do thi?

8§ 8 8 88 888 8 N8 28 8
8§ 8 8 88 888 88 88 N
8§ 88 88 888 »8 8 MM
8§ 88 88 888 N8 o8 8
8§ 8 8 N8 8 8 88 88 8
8§ 8 8 8 8 v8 8 8 ©8 8
8§ 8 8 88 888 88 w038
8§ 88 88 8 vOB8 8 88 8
§ 8§ 8 8 ©8 ©8 8 8 8 8
8§ 8 N8 8 8 8 8 8 8 8 8
~8 8 88 88888 88 8
8§ 8 8 8 ©on8 8 88 8 8 8
8§ M8 8 ©8 8 8 8 8 8 8 8

6. Cho d6 thi c6 hudng co trong s6 duoc biéu dién dudi dang ma tran trong sé nhu dudi
day. Hay thuc hién:

a) Trinh bay thuat toan Bellman-Ford tim duong di ngin nhat tir dinh seV dén cac
dinh con lai cua do thi?

b) Tim dudng di ngin nhat tir dinh 1 dén tat ca cac dinh con lai ctia @6 thi? Chi o
két qua theo mai budc thuc hién cua thuat toan?

¢) Tim dudng di ngan nhat tir dinh 5 dén tit ca cac dinh con lai caa do thi? Chi 1d
két qua theo moi budce thuc hi¢n ctia thuat toan?
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d) Viét chuong trinh tim duong di ngin nhat tir dinh s dén tat ca cac dinh con lai ctia do

thi?
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